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ABSTRACT 
A sample of fifty male and fifty female drivers took part in 
an:. experiment designed to evaluate a multi-characteristic 
power assisted steering system. Subjects drove a car fitted 
with the system for two one-hour periods on public roads and 
on two test-track sessions during which a number of driving 
performance variables including driving time and steering 
activity were recorded. Drivers completed a specially 
developed questionnaire after each road drive. A subsidiary 
task, which involved the visual monitoring of an illuminated 
display and verbal responses, was administered during the 
test-track sessions. 
Factor analysis and discriminant analysis were used to 
analyse data from the questionnaire, road drives and test- 
track sessions. Data were first factor analysed and the 
factors subsequently used as variables in the discriminant 
analyses. It was possible to discriminate between male and 
female drivers, and between groups of drivers allocated to 
the different power steering characteristics on the basis of 
the discriminant functions derived. Thus, reales were found to 
be more sensitive to the force feedback characteristics of 
the standard power steering than females, finding it difficult 
to judge the amount of effort required to steer the car and 
tending to 'over steer' under some circumstances. Males drove 
faster than the females on the Motorway with the standard 
power steering, however, more slowly than females in urban 
driving, and drove faster and more accurately than females 
on the test-track. On the basis of the differences observed 
between drivers allocated to the different power steering 
characteristics, criteria were developed which allowed the 
specification of that characteristic which could be considerec 
'optimal' for ordinary drivers of both sexes. This character- 
istic, termed "Speed Proportional Feel", provides the driver 
with full power assistance at low speeds, but increasingly 
inhibits the operation of the power assistance as vehicle 
speeds rise, giving more steering 'feel' at high speeds. 
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The test-track data were further analysed by means of the 
analysis of variance and analysis of covariance. The results 
of the analysis of variance indicated that the presence of 
the subsidiary task had affected drivers' performance on 
the test-track. Analysis of covariance was used to provide 
a statistical control for the effects of the subsidiary task 
on drivers' primary task performance and a significant 
learning effect was observed. No significant differences 
were found in the number of subsidiary task responses made 
by drivers allocated to different steering characteristics. 
A recommendation was made for further research into the 
observed differences between males' and females' driving 
speeds which, it was suggested, may be related to the types 
of accident in which males and females are typically involved. 
Further research into the level of artificial 'feel' favoured 
by male and female-drivers was also recommended on the basis 
of the finding that females appeared to respond more favour- 
ably to a lower level of 'feel' than males. 
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1. INTRODUCTION 
1.1 BACKGROUND TO THE STUDY 
The work reported in this thesis was carried out in fulfil- 
ment of a contract between the School of Automotive Studies, 
Cam Gears Ltd., and the Ford Motor Company. The purpose of 
the work was to conduct a human factors evaluation of a 
multi-characteristic power assisted steering system developed 
by Cam Gears and fitted to a Ford car. In order to provide a 
clear understanding of the need for such an evaluation and to 
indicate the nature of the issues to be addressed, the back- 
ground of the project is reviewed briefly in the following 
paragraphs. 
For some years prior to the commencement of the project, 
Cam Gears had been developing prototype power assisted steerinc 
systems with novel response characteristics. These prototype 
systems differed from conventional power assisted steering 
systems in terms of their force feedback characteristics, and 
each represented an attempt to provide the driver with a 
degree of steering 'feel', a property which is generally 
considered to be lacking in conventional power steering. 
(The concept of steering 'feel' is discussed in depth in 
later sections. ) It was important, therefore, for Cam Gears 
to discover whether their prototype power steering systems 
would be perceived by ordinary drivers as having any advan- 
tages over their conventional production systems. If it could 
be demonstrated that one or other of the prototype systems was 
perceived by drivers as 'better' in some sense than convention; 
power steering, then Cam Gears would be in a position to recomý 
mend such a system to their customers, the vehicle manufactures 
The School of Automotive Studies was, at this time, actively 
involved in the investigation of drivers' psychological and 
physiological responses to a number of vehicle handling 
variables. For example, Campos and Robertson (1971) had 
developed a testing procedure to establish acceptable 
steering forces and rates of steering wheel movement 
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for drivers of Public Service Vehicles. In a series of 
experiments carried out for the Transport and Road Research 
Laboratory, Ellis, Read and Liddiard (1976) investigated 
drivers' reactions to temporary loss of vehicular control 
and to changes in the vehicle's handling characteristics 
brought about by the manipulation of tyre pressures. A 
mathematical model for the computer simulation of vehicle 
motion under loss of control conditions was also developed 
by these authors. Finally, Wilson and Anderson (1980) 
reported on the effects of tyre type on drivers' choice of 
speed and presumed risk-taking in test-track and open road 
driving. The School was, therefore, in a good position to 
extend its work on drivers' responses to vehicle handling 
characteristics into the area of power assisted steering 
in cars. 
The Ford Motor Company was approached as a possible source 
of financial support for the study because it currently 
fitted Cam Gears' power steering systems to its larger cars, 
and it was thought that Ford would, therefore, be interested 
in the evaluation of alternative, and possibly improved, 
power steering systems. Ford subsequently expressed con- 
siderable interest in the project, particularly with respect 
to the methods which it was proposed to develop for the 
subjective assessment of the multi-characteristic system by 
ordinary drivers. In line with the practice of other vehicle 
manufacturers, Ford traditionally employs expert test drivers 
to evaluate its vehicles, and it readily appreciates that 
this method is likely to result in a biased and unrepresent- 
ative view of the effects of design changes on members of the 
driving public. Ford viewed the development of a systematic 
and rigorous method of subjective evaluation as a valuable 
product of the project, therefore, and agreed to support the 
study . 
Thus, the impetus for the work reported here was provided 
from three sources. Firstly, Cam Gears had developed a 
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number of prototype power steering systems with novel 
characteristics which they believed would provide the 
driver with more steering 'feel'. (These prototype systems 
were later combined into a single multi-characteristic 
system for experimental use. ) Their immediate requirement 
was to discover whether drivers would perceive any bene- 
ficial effects of the prototype systems over those of con- 
ventional power steering. Ultimately, if it could be 
demonstrated that one of the prototype systems represented 
an improvement over conventional systems, Cam Gears would 
be in a position to recommend that system to its customers. 
Secondly, the School of Automotive Studies had considerable 
experience in the investigation of drivers' responses to 
vehicle handling characteristics, and wished to extend its 
investigations into the area of power assisted steering in 
cars. Finally, the Ford Motor Company were interested in 
the evaluation of power steering characteristics by ordinary 
drivers not only from the point of view of improving the power 
steering on their production vehicles, but also from the point 
of view of the assessment techniques to be developed for such 
an evaluation. 
It was formally agreed, therefore, that Cam Gears would 
provide the multi-characteristic power assisted steering 
system to be used in the study, that the School of Auto- 
motive Studies would provide the testing facilities and 
personnel necessary to carry out the study, and that the 
Ford Motor Company would provide sufficient financial support 
for the provision of a suitable test vehicle and a contri- 
bution towards its running costs. It was further agreed that 
the author, a student in the School of Automotive Studies' 
Applied Psychology Unit, would be given the responsibility 
for all aspects of the study's design and implementation, 
and that he would be free to report the work in his Ph. D 
thesis. 
It was recognised at the outset that the evaluation, by 
ordinary drivers, of a multi-characteristic power steering 
L. 
system in order to identify that characteristic which could 
be considered 'optimal' in some sense would not be an easy 
task . Previous experience in the field of driver behaviour 
indicated that a great many variables influence the way in 
which the driving task is performed, and that those variables 
associated with vehicle handling contribute relatively little 
to the total amount of variance seen in drivers' performance. 
In order to identify that part of the variance due to the 
characteristics of power assisted steering, it would clearly 
be necessary to pay careful attention both to the choice of 
dependent measures and to the conditions under which drivers 
were to be observed. Consequently, considerable effort was 
directed to the development of a suitable methodology for the 
study, and this is described in detail in a later section. 
Bef ore the study 
the problems ass 
discuss the ways 
the designers of 
steering system. 
in the following 
itself is reported, it is necessary to review 
ociated with power assisted steering and to 
in which these problems were addressed by 
the Cam Gears multi-characteristic power 
This review and discussion is presented 
sections. 
1.2 FACTORS AFFECTING THE PHYSICAL EFFORT REQUIRED TO STEER 
A CA R 
In order to understand the need for power assisted steering, 
the problems associated with it and the effects of power 
assisted steering on the driver, it is necessary to consider 
certain basic principles of vehicle dynamics and some aspects 
of steering system design. Since the purpose of power assiste 
steering is to avoid the imposition of otherwise excessive 
steering loads on the driver, this discussion will focus on 
those factors which affect the physical effort required to 
steer a car. 
When the driver turns the steering wheel of a moving car, 
the front wheels are set at an angle to the direction of 
travel of the car, and a cornering force is generated be- 
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tween the tyres and the road. Normally, only the front 
wheels of the car are steered, so that the cornering forces 
generated at the front wheels are greater than those gen- 
erated at the rear wheels, and the car begins to turn, or 
'yaw', that is, to rotate about on axis running vertically 
through its centre of gravity. 
The car's tyres meet the road at their 'contact patches', 
and because the tyre cornering forces do not act at the 
centre of the contact patches, but at some distance to the 
rear of them, self-aligning torques are generated which act 
to oppose the effort being applied by the driver at the 
steering wheel (see Figure 1). Thus, the driver, having 
set the front wheels at an angle to the direction of travel 
by applying a force to the rim of the steering wheel, must 
cortinue to apply a force as the vehicle 'yaws' to overcome 
the self-aligning torques being generated at the front 
wheels which are trying to realign the front wheels with the 
direction of travel. The magnitude of self-aligning torque 
the driver will need to overcome in steering the car will in 
turn depend upon several things. The most important of these 
for the presen. t discussion are the tyre loads, (the weight of 
the vehicle acting on the front tyres), the angle at which 
the front wheels are set to the direction of travel, and the 
forward speed of the car. 
1.2.1 TYRE LOADING 
The relationship between tyre loading and self-aligning 
torque is due mainly to the increased cornering force gen- 
erated for a given steering input as tyre loading, or vehicle 
weight, is increased. All other things being equal, heavier 
cars require more effort from the driver to steer them. This 
is especially noticeable at very low speeds, for example, 
when parking, as cornering force is also related to forward 
speed as indicated below. 
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Direction of Motion 
Direction of of Vehicle 
Motion of Wheel 
Steering 
Ana e 
Cornering 
Force 
SELF-ALIGNING 
TOR( UE 
Contact 
Patch 1 
FIGURE 1. Simplified diagram to illustrate how the 
cornerin. g force generated by the tyre acts 
to re-align the wheel with the vehicle 
direction of motion. 
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1.2.2 FRONT WHEEL ANGLE 
The relationship between the angle at which the front wheels 
are set to the direction of travel and the cornering forces 
and self-aligning torques generated, is a relatively simple 
(linear) one for low to moderate cornering forces. For a 
given vehicle forward speed, cornering forces and self- 
aligning torques increase with front wheel angle. As the 
tyre's maximum available cornering force is approached, 
however, the cornering force tends to act closer to the 
centre of the tyre's contact patch, with the result that 
the self-aligning torque is dramatically reduced. The 
effect is to make the steering suddenly feel very light. 
The reduction of self-aligning torque as the tyre's maximum 
cornering force is reached is important, since it is often 
claimed that it serves as a useful warning to the driver 
who will sense or 'feel' the lightening of the steering under 
these conditions. The topic of steering 'feel' is discussed 
further later in this Introduction. 
1.2.3 VEHICLE SPEED 
As mentioned previously, the cornering forces, and therefore 
the self-aligning torques generated at the front wheels 
depend upon the vehicle's forward speed. In general, the 
faster the car is travelling, the higher the cornering force 
generated for a given front wheel angle. Expressed in a 
slightly different way, this relationship between cornering 
force and forward speed means that as vehicle speed increases, 
a smaller front wheel angle, and therefore smaller steering 
wheel displacement, is required to produce the same cornering 
forces. 
In addition, however, a significant amount of friction or 
'scrubbing' is generated between the front tyres and road 
surface, and this is accompanied by a 'Jacking up' effect 
as the suspension geometry raises the front of the car 
slightly when the wheels are turned through large steering 
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angles. Consequently, the steering loads imposed upon the 
driver are relatively higher when he is driving at low 
speeds, for example, when parking, and these reach a peak 
when the car is stationary. 
1.2.4 STEERING RATIO AND STEERING WHEEL DIAMETER 
In addition to the effects of tyre loading, front wheel angle 
and vehicle speed referred to above, the car's steering ratio 
and the diameter of the steering wheel also influence the 
steering loads imposed on the driver. 
The car's steering ratio may be defined in a number of ways, 
but essentially it is an index of the angular displacement 
of the steering wheel in relation to the angular displace- 
ment of the front (steered) wheels of the car. A numerically 
high ratio, for example 25: 1, would indicate that the steering 
wheel displacement required to effect even modest angles at 
the front wheels is large. Conversely, a numerically low 
steering ratio, for example 13: 1, would be considered relat- 
ively direct and would produce large steer angles at the 
front wheels for a relatively small steering wheel displacement 
The steering ratio is important to the driver for two reasons. 
As mentioned above, the car's steering ratio in part deter- 
mines the amount of effort required to turn the steering 
wheel. A numerically low steering ratio has the effect of 
increasing the effort required to turn the steering wheel 
whilst reducing the required displacement. A numerically 
high ratio has the opposite effect of reducing the effort 
required but increasing the necessary displacement of the 
steering wheel to turn the front wheels through a given 
steering angle. Thus, not only does the choice of steering 
ratio affect the amount of force the driver will need to 
apply to the steering wheel in,. steering the car, it also 
affects the distance through which he will be required to 
apply that force. 
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If the vehicle designer feels that the effort required to 
steer a particular car is too high, therefore, he is free 
to choose a numerically higher steering ratio to reduce the 
required effort. At the same time however, the increased 
steering wheel displacement made necessary by the new ratio 
may also be unacceptable. If, for example, the new ratio 
requires in excess of four revolutions to turn the road 
wheels between their maximum positions left and right, the 
driver might find it difficult to apply sufficient steering 
wheel displacement rapidly enough to steer the car in an 
emergency situation. In this case, altering the steering 
ratio to reduce the force required to steer the car would 
not be an appropriate solution. 
The relatively higher efforts implied by a numerically low 
steering ratio can be overcome, or at least mitigated, by 
increasing the diameter of the car's steering wheel. The 
effect is to increase the distance at which the force applied 
by the driver at the rim is acting, thereby increasing the 
torque applied to the steering input shaft. The applic- 
ability of this option is also limited by space considerations 
and the awkwardness in use of wheels with greater than about 
42 cm diameter. 
1.3 POWER ASSISTED STEERING 
In situations where excessive steering loads are anticipated, 
and the vehicle designer feels that a numerically higher 
steering ratio is not an appropriate solution, he may consider 
using power assisted steering. 
Power assisted steering first became widely used by manufac- 
turers in the United States, where passenger cars have 
traditionally been larger and heavier than their European 
counterparts. (As noted previously, heavier cars are 
associated with higher tyre loadings, and consequently, 
they impose greater steering loads on the driver. ) The 
'luxury' car makers in Great Britain, for example Rolls 
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Royce, Aston Martin and Jenson, have also employed power 
assisted steering as standard equipment for many years. 
Increasingly, however, the high volume manufacturers, 
notably Ford, British Leyland and Vauxhall, have also 
adopted power assisted steering as standard equipment or as 
an optional 'extra' on their larger cars. With the current 
trend towards front-engined, front wheel drive vehicles, in 
which the transmission is mounted beneath the engine, the 
consequent increase in steered wheel loadings has led at 
least one British manufacturer to develop power assisted 
steering for a relatively small (1300 cc engined) passen- 
ger car. 
There are a number of different types of power assisted 
steering system currently in use, although each employs 
the same basic principles of operation. Essentially, the 
manual steering effort applied by the driver is supple- 
mented in power assisted steering systems, by hydraulic 
pressure acting on a piston located in the steering linkage 
or within the steering gear itself. The various systems 
developed differ primarily in terms of the type of steering 
gear employed, the position of the actuating piston, and the 
type of valve used to control the flow of hydraulic fluid to 
the piston. (The hydraulic fluid itself is supplied under 
pressure from a reservoir via an engine-driven pump. ) All 
power assisted steering systems, however, produce the 
maximum amount of power assistance when the vehicle is 
stationary, since it is under these conditions that the 
greatest steering effort is required from the driver. 
To illustrate the relationship between the steering effort 
required from the driver and the level of assistance pro- 
vided by the power steering system, the system character- 
istics can be shown on a graph in which steering wheel 
torque (the driver's input) is plotted against system 
pressure (the system output). A typical curve is given in 
Figure 2 below. 
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Parking 
w mode 
ul) 
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a- 
w 
Normal 
driving 
and 
cornering 
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A 
High speed, 
straight lire 
driving mode 
Left Hand Lock STEERING WHEEL Right Hand Lock 
TORQUE 
FIGURE 2. Typical steering wheel torque/system pressure 
curve showing a high speed driving mode, a 
normal driving and cornering mode and a park- 
ing mode. 
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Three distinct modes of operation are represented by the 
graph in Figure 2, and these are a high speed, straight 
line driving mode for which the system pressure remains 
relatively low; a normal driving and cornering mode for 
which system pressure rises to a moderate level; and a 
parking mode for which the system pressure rises steeply 
to its maximum level. It is generally agreed by vehicle 
manufacturers who use power assisted steering* that these 
three modes of operation must be accommodated within the 
assistance curve. The level of steering wheel torque at 
which the transition from one mode to another occurs varies, 
however, with the individual manufacturer's assessment of 
his customers' preference for relatively 'light' or relatively 
'heavy' steering. 
The shape of the assistence curve illustrated in Figure 2 is 
directly determined by the characteristics of the hydraulic 
fluid control valve mentioned previously. Most important 
from the drivers' point of view is that the control valve 
should be designed to provide a smooth transition from one 
part of the assistance curve to another. Whilst the'relation- 
ship between steering wheel torque and system pressure is 
almost linear within each of the operating modes shown in 
Figure 2, the transition from one mode to the next at points 
A and B are clearly non-linear. It can be readily appre- 
ciated that the rapid increases in the output of the system 
which occur in relation to small increases in steering wheel 
torque at these points can make it difficult for the driver 
to predict how much effort is required to steer the car under 
these conditions. The designer of power assisted steering 
systems must pay careful attention, therefore, to the character- 
istics of the control valve in order to ensure that the adverse 
*The author visited representatives of the Ford Motor Company, 
Chrysler, Jaguar, Rolls Royce and Aston Martin Lagonda Ltd. 
to discuss power steering in general terms in the preliminary 
stages of the present work. 
13 
consequences of the non-linearities in the assistance curve 
are minimized. 
1.3.1 A TYPICAL RACK AND PINION POWER ASSISTED STEERING 
SYSTEM 
A detailed discussion of the different types of power assisted 
steering in use is unnecessary for present purposes, as an 
understanding of the principles involved in the experimental 
multi-characteristic steering system to be evaluated in the 
study can be gained from a discussion of the system upon 
which it is based. Figure 3 contains a simplified diagram 
of a typical rack and pinion power assisted steering system 
which employs a torsion bar and rotary control valve. When 
the driver applies a force to the steering wheel, the torque 
is transmitted through the input shaft to the steering gear. 
Located in the input shaft, however, is a torsion bar. If 
some resistance to turning the road wheels is encountered, 
either because of self-aligning torques or because of tyre 
'scrub', then as the driver increases his effort to turn 
the wheel, the torsion bar in the input shaft begins to 
twist. The twisting of the torsion bar results in relative 
movement between the inner and outer parts of the control 
valve which raises the pressure of fluid acting on one side 
of the hydraulic piston in the steering rack. It is this 
differential pressure across the rack which assists the 
driver to turn the front wheels by supplying an added force 
in the desired direction. Thus, some of the force required 
to steer the front wheels is supplied directly by the driver, 
the torque applied at the steering wheel being transmitted 
through the input shaft to the steering rack. Because of 
the 'winding up' of the torsion bar which forms part of 
the input shaft, the control valve meters hydraulic fluid 
under pressure to the rack thus providing power assistance. 
As noted previously, the characteristics of power steering, 
as represented in the assistance curve shown in Figure 2, 
depend to a large extent upon the design of the control 
valve, in that the control valve determines the amount of 
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assistance provided for a given degree of twistinq of the 
torsion bar. The amount of effort required from the driver 
before power assistance is supplied, however, depends upon 
the stiffness of the torsion bar. A stiff torsion bar will 
require considerable torque before it twists and allows the 
control valve to open, producing a 'heavy' feel to the 
steering. Conversely, a compliant torsion bar will twist 
easily, making the steering much lighter in operation. It 
is a combination of both valve design and torsion bar stiff- 
ness, therefore, which completely determines the character- 
istics of power assisted steering . 
Finally, on a purely technical note, the system described 
above is properly referred to as an 'open-centred' system. 
This simply means that there is a constant flow of hydraulic 
fluid through the rack even when no power assistance is 
being provided. Although this characteristic does not affect 
the driver greatly, 'open-centred' systems may have an 
advantage over 'closed-centre' systems in that they tend 
to provide a more gradual rise and fall-in pressure and, 
therefore, are smoother in operation. 
1.4 PROBLEMS ASSOCIATED WITH POWER STEERING 
The advantages to be gained from the introduction of power 
assistance to a car's steering system are fairly obvious. 
Most important is the reduction of effort required from the 
driver to steer the car, especially at parking speeds. As 
mentioned earlier, this can also be achieved by providing 
a numerically higher steering ratio, but the consequent 
increase in steering wheel displacement needed to produce 
large steering angles can make this solution inappropriate. 
Power assisted steering has the advantage of reducing 
steering effort whilst maintaining a suitably low steering 
ratio, providing the driver with light, direct steering . 
From the driver's point of view, there can be problems with 
power assisted steering, however, and these are usually 
attributed to a lack of 'feel'. 
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1.4.1 THE LACK OF STEERING 'FEEL' 
The term 'steering feel' is a rather subjective one, and 
although commonly used by engineers and others interested 
in vehicle handling, it is not well defined. In the author's 
experience, 'feel' generally refers to the force feedback 
characteristics of the steering system. A steering system 
with good 'feel' is one which allows the driver to detect 
changes in the behaviour of the front wheels by means of 
changes in the torque required to turn the steering wheel. 
It will be remembered from the general discussion of 
steering characteristics earlier in the Introduction, that 
the amount of effort required to turn the steering wheel of 
a moving car depends to a large extent on the self-aligning 
torques being generated at the front wheels. The driver is 
thus able to 'feel' the forces being generated at the front 
wheels through changes in effort required to turn the steering 
wheel. In the case of power assisted steering, however, the 
effort required to steer the car depends only indirectly on 
the self-aligning torques generated at the front wheels, 
being directly determined by the hand wheel torque/system 
pressure characteristics depicted in Figure 2. The power 
assisted system may suffer a loss of 'feel' over an un- 
assisted 'manual' system, therefore, in that the amount of 
effort required to steer the car does not vary directly 
with the cornering forces and self-aligning torques gen- 
erated, but depends on the point at which the system is 
operating on the assistance curve. 
For this reason, designers of power assisted steering 
systems try to ensure that as much as possible of the 
steering wheel torque/system pressure curve is a straight 
line, that is to say, the designer seeks to provide a 
linear relationship between the driver's input and system 
output, especially over that part of the curve which 
represents the 'normal driving' mode. In this way, power 
assisted steering can be made to simulate the force feed- 
back characteristics of manual steering, providing the 
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driver with a degree of steering 'feel', whilst maintain- 
ing a low level of steering effort. 
Problems still remain, however, at points A and B on the 
assistance curve shown in Figure 2, which correspond to 
changes from one steering mode to another. If the driver 
is travelling at high speed on a straight road, but is 
suddenly called upon to make a significant steering man- 
oeuvre, (the system is operating at point 'A' on the curve), 
only a small increase in steering wheel torque is required 
to produce a relatively large increase in system pressure 
and consequently system output. Similarly, the driver making 
a number of manoeuvres at moderate speeds who is then re- 
quired to make a more dramatic turn, (point I BI on the curve), 
will also experience a sharp rise in power assistance for a 
relatively small increase in steering wheel torque. Drivers 
unused to these characteristics of power steering often 
experience problems when the system is operating at these 
points, tending to over estimate the effort required to 
make the desired manoeuvre, and inadvertently steering 
further than intended. The problem is not -a serious one, 
however, in that drivers soon adapt to changes in the slope 
of the assistance curve, and the effect tends to be one of 
having to make small corrections to initial steering move- 
ments rather than major recoveries from totally inappropriate 
steering actions. 
A further problem attributed to lack of 'feel' is that 
encountered when the car is driven onto a slippery surface 
or when the front wheels lose adhesion for some other rea- 
son, (when cornering too fast, for example). The sudden 
loss of adhesion between the front tyres and the road 
results in a marked 'lightening' of the steering. 
As noted 
previously, this is due to the cornering forces generated 
by a sliding wheel acting nearer the centre of the contact 
patch, with a consequent loss of self-aligning torque. 
It 
has been suggested that because the steering loads imposed 
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on the driver by power assi sted steering tend to be very low 
in the first place, a further lightening of the steering due 
to a loss of self-aligning torque would pass unnoticed. In 
a review article on power assisted steering system design, 
Curtis (1972) argues that a threshold exists below which 
drivers cannot detect a change in steering wheel loads, and 
that some power steering systems require sub-threshold levels 
of effort from the driver. Whether or not such a load thres- 
hold exists, it is certainly the case that a marked reduction 
in steering effort accompanies loss of adhesion between the 
front wheels and road in a manually steered car, but that 
this is much less noticeable in a car with power assisted 
steering. In a manually steered vehicle, steering loads can 
be quite high when the driver is cornering hard, so that he 
is more likely to notice a reduction in effort, which drops 
to almost zero, when the front wheels begin to slide. The 
driver of the car with power assisted steering, however, may 
not notice a change in steering effort if the difference 
between steering loads before and after the loss of adhesion 
is very small. Although a noticeable reduction in the re- 
quired steering effort may provide a sensitive driver with a 
warning of a low friction road surface, or an indication 
that he is cornering too hard, it is not known whether ord- 
inary drivers can detect, or respond to, such feedback cues. 
The importance of a lack of 'feel' in this instance has yet 
to be demonstrated, therefore. 
1.4.2 THE 'SNEEZE FACTOR' 
A final problem associated with power assisted steering, and 
one which has received a measure of attention from manufac- 
turers of steering gear, is sometimes referred to as the 
'sneeze factor'. 
Earlier in this section, the major advantage of power 
steering was said to be that it provided "light, direct 
steering". At high speeds, however, such characteristics 
are not an unqualified advantage, since any involuntary 
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movement, a sneeze for instance, could cause the driver to 
steer inadvertently. The 'sneeze factor' can be accommo- 
dated by making the 'steering 'heavier' at speed, so that 
small forces applied to the wheel accidentally would not be 
sufficient to produce significant displacement of the wheel. 
Alternatively, the steering can be made less direct, that 
is, given a numerically higher steering ratio, so that an 
inadvertent displacement does not produce a significant 
steering effect. Some attempts to overcome the problem of 
the 'sneeze factor' using these two approaches are dis- 
cussed in the following section. 
1.5 APPROACHES TO THE PROBLEMS OF POWER STEERING 
Although a number of problems associated with power assisted 
steering were identified in the previous section, most of the 
design effort by manufacturers has been aimed at eliminating 
the 'sneeze factor'. As noted previously, this may be 
accomplished in one of two ways, either by making the 
steering 'heavier' at speed, or by providing a numerically 
higher steering ratio around the straight ahead position. 
Both methods have been used by manufacturers, the former 
mainly in Europe and by at least one Japanese manufacturer 
who exports to Europe, and the latter method mainly in the 
United States. Underlying the two approaches are separate 
design philosophies, and, to some extent, these reflect 
different aspects of the problem. 
The driving environment in the United States tends to be very 
different from that in Europe, and the vehicles which have 
evolved in these countries also tend to be very different. 
The American driver is often faced with travelling long 
distances along relatively straight, relatively fast roads. 
He has traditionally been offered large, comfortable cars 
with soft ride, automatic transmission, power steering and 
power brakes to make long hours of driving effortless. In 
Europe, drivers tend to cover shorter distances in a more 
difficult environment, encountering more bends, intersections 
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and congested narrow roads than their American counterparts. 
The emphasis on car design in Europe has traditionally been 
put upon producing small cars with relatively high perform- 
ance engines, good handling characteristics and, typically, 
with manual transmission and steering. Ironically, with 
the development of the motorway system in Europe, cars have 
tended to become larger and more 'Americanised', and with 
the rising cost of oil, American cars have become smaller 
and 'Europeanised' in recent years. 
Distinct differences remain, however, in the design of 
steering systems for American and European cars, and these 
reflect the differing requirements of the American and 
European driver. Most European manufacturers, for example, 
have adopted rack and pinion steering, even for power 
assisted systems, whereas American manufacturers still tend 
to use systems of the steering gear box type. The steering 
on American cars also tends to be heavily power assisted 
which requires very little steering effort from the driver, 
but lacks 'feel' by European standards. Given that the 
American driver spends much of his time travelling in, a 
straight line or making right angle turns, however, extremely 
light steering, even in the absence of marked force feedback 
characteristics, is presumably adequate for his needs. The 
European driver on the other hand, who is required to nego- 
tiate many curves, roundabouts and such like, is probably 
better served by a steering system which exhibits more pro- 
nounced force -feedback characteristics or steering 'feel'. 
In dealing with the 'sneeze factor', therefore, it is not 
surprising that American and European manufacturers have 
adopted different approaches to the problem, and these are 
discussed below. 
1 .5 .1 VARIABLE 
RATIO POWER ASSISTED STEERING 
Steering ratio was previously defined as an index relating 
the angular displacement of the steering wheel to the angular 
displacement of the front (steered) wheels. Thus, a numeric- 
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ally high steering ratio requires a relatively large steering 
wheel displacement to effect even a small displacement at the 
front wheels, whilst, a numerically low steering ratio requires 
a relatively small steering wheel displacement to produce a 
significant displacement of the front wheels. Implicit in 
this definition of steering ratio is the assumption that the 
relationship between steering wheel displacement and front 
wheel angle is fixed. This is not necessarily the case, 
however, since it is possible to produce a steering system 
whose steering ratio changes with front wheel angle. In a 
variable ratio steering system, therefore, the driver may 
be required to make a large angular displacement of the 
steering wheel to achieve a minor change in front wheel angle 
under some circumstances, but a smaller angular displacement 
of the steering wheel to achieve the same change in front 
wheel angle under different conditions. 
In order to deal with the problem of the 'sneeze factor', 
therefore, American designers have employed variable ratio 
power assisted steering which produces a numerically high 
ratio at small front wheel angles (around the 'straight 
ahead' position) changing to a numerically low steering 
ratio at large front wheel angles (at full 'lock'). The 
overall effect is to produce less direct steering when the 
driver is travelling at speed on a straight road, so that 
small steering wheel movements have little effect on the 
front wheels, and more direct steering when the driver is 
manoeuvring, so that relatively small wheel displacements 
produce significant effects at the front wheels. In this 
way, excessive steering wheel displacements during parking 
manoeuvres are avoided, whilst the adverse effect of an 
inadvertant steering input at speed (the 'sneeze factor') 
is eliminated. 
Several variable ratio power steering systems are currently 
in production in the United States, and one, the 
Marles- 
Bendix Variamatic system was, for a time, used by Jaguar and 
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Rover on some models manufactured in Britain. Both British 
manufacturers now use rack and pinion fixed ratio gears. In 
order to investigate drivers' reactions to variable ratio 
steering, a number of studies have been carried out by the 
manufacturers and by independent research organisations. 
These will be reviewed in detail in a later section, but in 
general, it appears that drivers' steering performance is 
not adversely affected by variable ratio steering, and in 
one study, drivers were found to prefer variable ratio to 
fixed ratio systems. 
On a point of theoretical interest, Wohl (1961) has suggested 
that the ideal steering system would be a velocity dependent 
variable ratio one. His argument is that a system which 
produces the same heading. change for a given steering wheel 
displacement irrespective of vehicle speed would simplify 
the driver's task. Using an electrical analogy, Wohl points 
out that instead of acting as a high gain amplifier at low 
speeds, (when large displacements are required to achieve 
a given heading change), and a low gain amplifier at high 
speeds, (when relatively small displacements are required 
to achieve the same heading change), a velocity modulated 
variable ratio steering system would enable the driver to 
act as a constant gain amplifier. 
Wohl's hypothesis makes intuitive sense, in that, providing 
the driver with a system whose input/output characteristics 
are constant should indeed simplify the steering task. Such 
a system would also eliminate the 'sneeze factor', if it 
were designed to provide the right degree of sensitivity. 
Unfortunately, although velocity dependent variable ratio 
systems have been developed, they are extremely complex, 
and as far as the author is aware, they have not been used 
to test Wohl's hypothesis. Furthermore, power assistance 
may still be required if the steering efforts demanded by 
such a system were found to be excessive. 
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1.5.2 ARTIFICIAL 'FEEL' POWER ASSISTED STEERING 
In line with the general desire to produce cars with respon- 
sive handling characteristics, European manufacturers have 
sought to introduce artificial 'feel' into their power 
steering systems . The aim has been to maintain precise, 
sensitive steering at speed, but to incorporate a 'sneeze 
factor' by making the level of power assistance speed related. 
Thus, atýlow speeds, when steering loads would otherwise be 
excessive, power assistance is supplied to reduce the effort 
required from the driver. At higher speeds, when steering 
loads are typically much lower, the level of power assistance 
is gradually reduced to avoid excessively light steering and 
unintentional wheel movements. A relatively low steering 
ratio may still be used to provide the driver with responsive, 
direct steering at all times. 
Several European manufacturers, and the Japanese company 
Honda, currently fit power steering systems which incorporate 
an artificial 'feel' characteristic to cars in volume pro- 
duction*. The European and Japanese systems are very similar 
in concept, although they differ in the means employed to 
achieve the desired effect. Thus Citroen, Mercedes, Z. F. and 
Honda all produce systems which employ hydraulic reaction to 
progressively inhibit the normal operation of power assistance 
as speed increases. The Citroen 'varipower' system also 
provides a self-centring effect to overcome problems asso- 
ciated with its being a closed-centre system. That is to 
say, one of the system's functions is to return the front 
wheels to the straight ahead position when the driver releases 
the steering wheel. Since the systems in production are con- 
ceptually similar, only one will be described in detail as an 
example of how speed sensitive power assistance can be achieved. 
*General Motors also patented such a system as early as 1966 
(US patent No. 3433127), although it is not known whether 
this reached production. As noted previously, American manu- 
facturers have tended to favour variable ratio systems. 
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This system, which is more fully described in the literature 
than the others, (see for example, Nishikawa et al 1979) is 
manufactured by Honda and fitted to their Accord LX model. 
The basic steering system used on the Accord is similar to 
the rack and pinion system described previously, except 
that, instead of a torsion bar and rotary valve, the Honda 
steering gear incorporates an axial valve to control the 
flow of hydraulic fluid to the actuating piston. When the 
front wheels are steered, an axial thrust is generated at 
the pinion which is used to create relative movement in an 
axial control valve supplying fluid under pressure to one 
side or other of the actuating piston. The pressure dif- 
ferential across the piston, which is mounted coaxially in 
the steering rack, then assists the driver in turning the 
road wheels. In incorporating a speed sensitive artificial 
'feel', the designer's aim was to "provide a system which 
gives full power assist at parking speeds with a gradual 
decrease in assistance with increasing vehicle speed, giving 
a normal unassisted 'road feel' at highway speeds". 
To provide a speed sensitive assistance characteristic, a 
speed sensor circuit is incorporated into the system. (The 
main difference between speed sensitive systems lies in the 
provision and operation of their speed sensing devices. ) 
The speed sensor circuit in this case consists of a hydraulic 
motor driven from the speedometer gear, and four hydraulic 
reaction chambers containing springs located at the axial 
control valve. As vehicle speed rises, the hydraulic motor 
in the speed sensor line meters fluid out of the circuit, 
which allows high pressure fluid from the engine-driven 
power steering pump into the reaction chambers. At speed 
then, any axial movement of the control valve when the 
driver steers is resisted by the hydraulic pressure and the 
springs in the reaction chambers. This tends to hold the 
control valve in the 'on centre' or closed position so that, 
as the vehicle's speed increases, more of the effort required 
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to steer the car is supplied by the driver and less by the 
power assisted steering. 
To illustrate the effect produced by Honda's speed sensitive 
variable assistance system, Nishikawa has graphed steering 
wheel torque against rack load for various simulated vehicle 
speeds, (measurements were made in the laboratory). Two of 
these curves, for simulated vehicle speeds of 0 m/s and 
17 m/s are shown in Figure 4. 
An inspection of Figure 4 shows that, at zero speed, the 
steering wheel torque required to produce increasing rack 
loads is relatively low and constant. At 17 m/s however, 
a positive linear relationship is seen between steering 
wheel torque and rack load, so that the amount of effort 
required to turn the wheel is directly proportional to the 
self-aligning torques being generated at the front wheels. 
At parking speeds therefore, the Honda system provides the 
driver with a high level of power assistance, so that very 
little effort is needed to steer the car. As speed increases, 
the level of power assistance is progressively reduced as 
the speed sensor circuit supplies hydraulic fluid to resist 
the normal operation of the axial control valve. At moderate 
speeds, the relationship between steering wheel torque and 
rack load resembles very closely that of a manual steering 
system, so that the designer's aim to produce a "normal un- 
assisted 'road feel' at highway speeds" is achieved. 
The authors do not report any attempt to evaluate the oper- 
ation of their speed sensitive variable assistance system on 
the road, however, or to test drivers' reactions to the system. 
1.5.3 THE CAM GEARS EXPERIMENTAL MULTI -CHARACTERISTIC POWER 
ASSISTED STEERING SYSTEM 
The experimental multi-characteristic power assisted steering 
system developed by Cam Gears, which is the subject of the 
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FIGURE 4. Relationship between steering wheel torque and 
rack load at two simulated vehicle speeds for 
the Honda Accord speed sensitive variable 
assistance power steering system. Adapted 
from Nishikawa et al (1979) . 
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present evaluation, incorporates not only a speed sensitive 
'feel' characteristic, but also a number of other artificial 
'feel' characteristics which represent different approaches 
to the problem of the 'sneeze factor' and the lack of 'feel' 
in normal power assisted steering systems. 
The Cam Gears multi-characteristic power assisted steering 
system is based upon a rack and pinion steering system with 
torsion bar and rotary control valve like that shown in 
Figure 3. The experimental system, however, has a modified 
torsion bar assembly and two additional hydraulic pumps, one 
driven from the transmission and one electrically powered. 
A schematic drawing of the experimental system is shown in 
Figure 5, and the artificial 'feel' characteristics provided 
by the system are described below. 
In the Standard Power Steering mode, the system behaves 
normally, in that a steering input by the driver is resisted 
by the road wheels causing the torsion bar to twist, the 
control valve to operate and an assistive pressure to be 
generated in the steering rack. When functioning in the 
experimental modes however, the normal operation of the 
system is inhibited by the action of the various artificial 
'feel' circuits on the modified torsion bar. When hydraulic 
fluid is supplied under pressure to the two steel balls 
located in the torsion bar extension tube (see Figure 5), 
the twisting of the torsion bar is resisted. If sufficient 
pressure is applied, the effect is to couple the input shaft 
directly to the pinion, making the torsion bar and control 
valve inoperative, and preventing any power assistance from 
being generated. By varying the hydraulic pressure applied 
to the two balls located in the torsion bar extension tube, 
the operation of the normal power assisted steering system 
can be modified to provide a number of different character- 
istics . 
By applying a constant pressure to the torsion bar balls, 
the steering can be made heavier throughout its range of 
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operation. In terms of the handwheel torque/system pressure 
curve depicted in Figure 2, the effect of a constant pressure 
would be to shift the assistance curve outward from the ord- 
inate, leaving the shape of the curve otherwise unchanged. 
A greater effort must now he applied to the steering wheel 
before any power assistance is generated, since the steel 
balls, which are resisting the wind-up of the torsion bar, 
must first be dislodged from their place in the extension 
tube before any movement in the control valve can occur. 
Because a similar effect could be achieved by fitting a 
load spring to oppose the twisting of the torsion bar, 
the two constant pressure conditions provided by the experi- 
mental system are called Simulated Fitted Load Spring Heavy, 
when a pressure of approximately 1.4 MPa is fed to the tor- 
sion bar balls, and Simulated Fitted Load Spring Light, when 
a pressure of approximately 0.7 f4Pa is fed to the torsion bar 
from the electrically driven hydraulic pump. The Simulated 
Fitted Load Spring modes provide a means of testing the 
hypothesis put forward by Curtis (qv), that a threshold 
exists below which drivers cannot detect changes in steering 
loads, since their effect is to increase steering loads 
whilst leaving the assistance characteristics of the steering 
otherwise unchanged. 
The Cam Gears multi-characteristic system also incorporates 
two variable assistance 'feel' modes of operation, and these 
are a Speed Proportional Feel mode, which is similar to the 
speed sensitive systems described above, and a Conventional 
Reaction mode, in which the 'feel' characteristics are very 
similar to those of manual steering systems. 
In the Speed Proportional Feel mode, hydraulic fluid is fed 
to the modified torsion bar assembly from the transmission- 
driven pump. The effect is again to inhibit the normal 
operation of the power assisted steering by making 
it more 
difficult for the torsion bar to twist, and for the control 
valve to open, so that more of the effort required to steer 
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the car must be supplied by the driver. Unlike the two 
Fitted Load Spring modes, in which a constant pressure is 
applied to the balls located in the torsion bar extension 
tube, the transmission-driven pump produces a variable 
pressure and one which is directly proportional to the 
vehicle's forward speed. In the Speed Proportional Feel 
mode, therefore, as speed increases and the pressure at the 
modified torsion bar rises, the level of power assistance 
decreases. The net result is similar to that of the Honda 
system, providing maximum power assistance at zero speed 
and minimum power assistance at high speed. The essential 
difference between Cam Gears' and Honda's speed sensitive 
variable assistance systems lies in the means employed to 
progressively reduce the level of assistance with speed. 
In the former case, the twisting of the torsion bar is re- 
sisted by the steel balls held under pressure and located 
in the torsion bar extension tube. In the latter case, the 
movement of an axial control valve is resisted by hydraulic 
pressure and springs in four reaction chambers. The aim in 
producing a speed sensitive variable assistance character- 
istic is the same in both cases, however, that is, to provide 
the driver with a high level of power assistance at low 
speeds, when steering efforts would othdrwise be very high, 
and to provide him with progressively less power assistance 
at higher speeds, when the steering would otherwise become 
excessively light and the 'sneeze factor' becomes a problem. 
In the Conventional Reaction mode of operation, a variable 
' feel' effect is produced which is very different from that 
of the Speed Proportional Feel characteristic just described. 
The 'feel' signal in the Conventional Reaction mode is 
supplied by the standard power assisted steering system 
itself, the hydraulic pressure which is raised in the 
steering rack during the normal operation of the power 
steering being fedback to the balls 
located in the torsion 
bar extension tube via a reducing valve. 
Thus, as the 
driver applies a force to the steering wheel, the 
torsion 
bar twists, the control valve opens, and an assistive 
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pressure is generated across the steering rack. By feeding 
back a proportion of the pressure generated in the rack to 
the torsion bar balls, further twisting of the torsion bar 
is resisted, and progressively more of the effort required 
to steer the car is supplied by the driver. In short, the 
careater the resistance to turning the road wheels, and, 
therefore, the more assistance generated by the power 
steering, the greater the effort required to turn the 
steering wheel. 
The Conventional Reaction System behaves very much like manual 
steering, therefore, in that the amount of effort required to 
steer the car depends upon the forces being generated at the 
front wheels. As mentioned previously, a major criticism of 
power assisted steering is that it lacks the 'feel' normally 
associated with the force feedback characteristics of manual 
steering systems. By providing the driver with an artificial 
'feel' which approximates the force feedback characteristics 
of manual steering, therefore, the Conventional Reaction 
System directly addresses the problem of lack of 'feel'. 
Thus, the characteristics embodied in the Cam Gears experi- 
mental steering rack represent an attempt to overcome the 
problems identified earlier which are associated with power 
assisted steering . The Speed Proportional 
Feel character- 
istic is designed to overcome excessive sensitivity at speed 
or the 'sneeze factor'. If a threshold exists below which 
drivers are unable to detect changes in steering loads, then 
the two Simulated Fitted Load Spring characteristics are 
available to raise steering loads without changing other 
aspects of the steering. The Conventional Reaction system 
which closely resembles manual steering in its force- 
feedback characteristics, avoids the criticism generally 
made of power assisted steering that it lacks steering 
' feel' . In the 
'Standard Power Steering' mode, the Cam 
Gears' experimental system provides a baseline against 
which the other characteristics can be evaluated. 
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1.6 AIMS AND BACKGROUND OF THE PRESENT STUDY 
The object of the present study was to make an evaluation of 
the experimental multi-characteristic power steerinq system 
developed by Cam Gears, in order to specify the 'optimal' 
characteristic for use in future production systems. By 
'optimal' is meant that characteristic to which drivers 
could be said to have responded most favourably during the 
evaluation process. 
For the reasons given in the previous section, it was ex- 
pected that drivers would react more favourably to the 
artificial 'feel' characteristics than to the character- 
istics of the standard power steering, although it was not 
the intention to test directly the design principles upon 
which the artificial 'feel' systems were based. Rather, it 
was the intention of the present study to record drivers' 
verbal and behavioural responses to each characteristic, to 
devise criteria by which to select the optimal character- 
istic on the basis of these observations, and then to relate 
drivers' reactions to the known design principles of the 
'optimal' system. 
As far as the author is aware, the present study represents 
the first attempt to systematically investigate the responses 
of ordinary drivers to the characteristics of power assisted 
steering. Work has been carried out on drivers' steering 
performance in relation to the vehicle's steering ratio, 
steering force feedback characteristics and in the general 
area of vehicle handling, and some of the more relevent studies 
are reviewed below. None of these studies, however, has been 
concerned with power steering characteristics per se , and 
all have been rather limited in their scope. 
The reasons for this apparent lack of interest in drivers' 
responses to power steering characteristics are many. 
In 
the first place, changes in most aspects of vehicle 
design 
and component systems design tend to be evolutionary rather 
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than revolutionary. Small changes from established designs 
tend to be the order of the day, so that the likelihood of 
producing a system with serious short-comings is felt to be 
fairly small. At the same time, manufacturers do employ 
'in house' methods to evaluate the acceptability of new 
designs. In the case of single components or sub-systems, 
'acceptability' can often be measured in terms of the 
component's expected service life, and testing to destruction 
can be employed as a satisfactory means of determining 
acceptability. In the case of steering systems, and other 
sub-systems which affect vehicle handling, the question of 
acceptability is a more subjective one and not as easily 
answered. The 'in house' evaluation of vehicle steering for 
Instance, usually takes the form of vehicle handling tests 
carried out by the company's engineers or specially employed 
test drivers, who are required to complete appraisal sheets 
like that shown in Appendix A. Whilst such an evaluation 
presumably prevents manifestly unsafe or unacceptable systems 
from being incorporated in production models, it is less than 
satisfactory for a number of reasons. 
The main problem with using special test personnel to evaluate 
vehicle sub-systems is that their opinions are both biased, 
being company employees, and limited, since theirs is only 
one of a number of possible responses and is not necessarily 
representative of the general driving population. It be- 
comes particularly important to elicit a range of responses 
when a choice is to be made, on the basis of the evaluation, 
between alternative systems. If the alternatives to be 
considered are equally acceptable in terms of reliability, 
economy, and other production criteria, and each is thought 
to represent an improvement over previous systems, then 
it 
becomes particularly important to evaluate those alternatives 
from the user's or consumer's point of view. 
In the United States, an interest in the extensive evaluation 
of vehicle systems, partly prompted 
by Federal legislation, 
has led the major vehicle manufacturers to set up their own 
Human Factors research departments. Ford, for example, 
have 
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a number of psychologists, ergonomists and engineers working 
at their Safety Research Centre at Dearborn, Michigan who 
have carried out research into various aspects of driver 
performance in relation to vehicle design. In one, unpub- 
lished, study (Forbes 1978), differences were noted between 
the path taken by a test vehicle fitted with manual steering 
and that taken by a test vehicle fitted with power assisted 
steering when drivers were instructed to make a right angle 
turn .In the former case, the test vehicle's trajectory 
produced a shallow entry curve and abrupt exit path. In the 
latter case, the test vehicle followed a sharp entry curve 
with a more gradual recovery path. Thus, drivers avoided 
the high steering efforts normally associated with manual 
steering by applying their initial steering input gradually, 
and then allowing the vehicle to recover sharply on exit by 
taking advantage of the high 'returnability' of the steering 
to the straight ahead. In the latter case, drivers took 
advantage of the low steering efforts associated with power 
steering and made a sharp initial turn followed by a more 
gradual recovery to the straight ahead position on exit. 
Independent research establishments have also become in- 
creasingly involved in the investigation of the effects of 
vehicle characteristics on drivers' performance. Calspan 
Corporation of Buffalo, New York, and Systems Technology of 
Hawthorne, California, have carried out several pieces of 
work under contract to one or other of the motor manufac- 
turers. One such study, carried out for the Ford Motor 
Company by Calspan, Brayman and Rice (1967), is reviewed 
below. The work carried out in the automotive field has 
been heavily influenced by, and follows directly from, 
studies which sought to evaluate aircraft handling qualities 
on the basis of pilots' subjective ratings. In many cases, 
the techniques used by those involved in the evaluation of 
aircraft handling have been applied directly to the auto- 
motive field. As the result of the pioneering work of 
Leonard 
Segel and others at Systems Technology, therefore, an ex- 
tensive body of literature has been built up on many aspects 
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of driver/vehicle handling, including fairly sophisticated 
mathematical models of driver/vehicle behaviour. 
Although some of this work has concerned itself with vehicle 
steering, steering characteristics were, however, rarely the 
parameters of primary interest. The driver's ability to 
steer a vehicle in a specific manoeuvre is often the depen- 
dent measure in these studies, but the experimental variables 
tend to be such vehicle response parameters as vehicle re- 
sponse time, yaw rate, and lateral acceleration gain. 
Some studies have been concerned with steering system char- 
acteristics, however, and although of only marginal relevance 
to the present work, serve to place it in context. These 
studies are reviewed below, therefore. 
1.7A REVIEW OF PREVIOUS RESEARCH ON DRIVERS' RESPONSES 
TO VEHICLE STEERING CHARACTERISTICS 
The steering characteristic which has received most attention 
in the literature is steering ratio, and this includes the 
effects of variable ratio steering on drivers' performance. 
Two studies conducted at the University of Melbourne, Hoffman 
and Joubert (1966,1968), explored the effects of a number of 
vehicle response parameters on drivers' steering performance, 
among them steering gear ratio and steering torque. In the 
first study, Hoffman and Joubert (1966), 12 subjects drove a 
circular course marked out by cones at a fixed speed of 
approximately 29 k/h, with and without the power assisted 
steering in operation. Although this represented a 5-fold 
increase in steering torque levels between the two conditions, 
no significant difference was noted in the number of cones 
hit by subjects. In the same experiment, the vehicle's 
steering ratio was also changed, by means of a gearbox 
placed in the steering column, to one of three values, 20: 1, 
24: 1, or 28: 1, and in addition to the number of cones hit, 
vehicle yaw rate at various points was also recorded. No 
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significant differences were found between the steering 
ratios for the number of cones hit or yaw rate fluctuations. 
The second study, Hoffman and Joubert (1968), was carried 
out to determine drivers' sensitivity to various vehicle 
characteristics including steering ratio. The authors used 
two methods of determining just noticeable differences 
(j. n. d. 's) and five ratio settings, 20: 1,22: 1,24: 1,28: 1 
and 30: 1. No significant differences were found between 
the magnitude of jn .d . 's at a constant speed of 48 k/h but 
at different inter-stimulus intervals for five drivers. 
There were significant differences in the magnitude of 
jn . d. ' s at different speeds however, drivers being more 
sensitive to steering ratio changes at 48 k/h. 
These studies suggest that, although drivers are relatively 
sensitive to steering ratio in terms of their ability to 
detect ratio changes, drivers' performance on a fairly simple 
steering task is not greatly affected by changes of ratio 
between 20: 1 and 28: 1. 
Brayman and Rice ( 1967) , in the experiment ref erred 
to briefly 
above, carried out an evaluation of the 'wrist-twist' steering 
concept for the Ford Motor Company (USA). Drivers' subjective 
evaluations of three vehicles were compared, one a standard 
power assisted vehicle with 24: 1 ratio steering, one a 
Marles-Bendix Varamatic power steered vehicle, and the third 
a vehicle with Varamatic power steering and 'wrist-twist' 
instead of the conventional steering wheel. 
(The 'wrist- 
twist' concept involved a pair of 10.5 cm diameter wheels 
with a rim projection containing a thumb 
hole, which were 
mounted shoulder width apart on a yoke at the end of 
the 
steering column). Although no figures are quoted 
by the 
authors for the Varamatic steering gear, 
it would appear 
from the graphs of steering wheel angle versus 
front wheel 
angle provided in their report, that the steering ratio varied 
from approximately 24: 1 to 11: 1. 
Six subjects performed 
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16 "abrupt" lane-change manoeuvres in each car, and were 
asked to rate the vehicles on a6 point scale in terms of 
their "directional stability", "manoeuvrability", "recovery", 
"control", "precision" and "feedback". In addition, manoeuvre 
time, steering wheel angular input and front wheel angle were 
recorded. Further data were collected from 3 "experienced" 
drivers who drove each of the vehicles in a longer evaluation 
exercise which included expressway driving, commuter trips, 
rapid passing and parking. These drivers used the revised 
Harper-Cooper rating scale, originally developed in aircraft 
handling evaluations, on which points 1 to 6 are considered 
'acceptable' and points 7 to 10 'unacceptable'. 
No statistically significant differences were found between 
the three vehicles in terms of manoeuvre time, steering 
wheel angular input or front wheel angle on the lane-change 
manoeuvre, (data used in the analysis were recorded at 
vehicle speeds of 48 k/h). No statistical analysis was made 
of subjects' questionnaire responses although the authors 
report more favourable mean ratings for the two variable 
ratio cars. Subjects thought that their performance on the 
lane-change manoeuvre was better in the 'wrist-twist' car 
than the Varamatic car, and worst on the standard power 
steering car. The Harper-Cooper ratings of the three drivers 
who drove the cars over a longer period suggest that they 
generally preferred the two variable ratio cars to the stan- 
dard car, with no particular preference for one over the 
other of the variable ratio vehicles. 
A more extensive and systematic investigation into the effects 
on drivers' steering performance of both variable and fixed 
ratio gears was made by Olson and Thompson (1970). The fixed 
ratio gears tested were 11: 1,13.5: 1, and 16: 1, and the 
variable ratio gears were 16-12.2: 1, and 16-8: 1. Subjects 
in the study were all General Motors employees 
from their 
research and development establishment at Warren, 
Michigan. 
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In the first of five separate parts of the study, 30 subjects 
performed a number of manoeuvres and rated the experimental 
cars in terms of their "overall steering characteristics", 
"confidence in directional control" and "ease of tight 
manoeuvreing". In the second phase of the experiment, 16 
subjects were timed while they carried out a parallel parking 
manoeuvre 10 times with each car, and rated the cars from 
"best" to "worst". The third phase consisted of low speed 
manoeuvreing on an egg-shaped course marked by traffic cones. 
Sixteen subjects made 10 circuits of the course, 5 times in 
each direction, and the dependent measure was the number of 
cones hit. Vehicle speeds in this section were typically 
very low, approximately 11 k/h, and subjects again rank 
ordered the test vehicles in terms of ease of manoeuvreing. 
For the fourth and fifth phases of the study, two lane-change 
manoeuvres were devised which would provide 5 m/s2 lateral 
acceleration at 40 k/h and 97 k/h respectively. Twelve sub- 
jects drove each car 10 times through the manoeuvres, and the 
number of cones hit was taken as the dependent variable. Not 
all the fixed and variable ratio gears were represented in 
all phases of the study . 
In the first part of the study, subjects rated the 16-8: 1 
variable ratio gear as significantly poorer than both the 
16-12.2: 1 variable ratio and the 16: 1 fixed ratio gear, which 
were not found to be significantly different from each other . 
In the parallel parking manoeuvres, parking times were signif - 
icantly shorter for the 16-12.2: 1 variable ratio gear than for 
the linear gears tested, and parking times for the 16-8: 1 
variable ratio steering were shorter than those for the 16: 1 
linear gear. The 16-12.2: 1 variable ratio gear was also rated 
more highly than the other steering ratios in the second phase 
of the experiment. In the third phase of the experiment, no 
significant differences were found between gears in terms of 
the number of cones hit or subjective ratings during low 
speed manoeuvreing. No significant differences in the number 
of cones hit were found for any of the variable or fixed ratio 
gears in the fourth, (low speed, high lateral acceleration) or 
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the fifth, (high speed, high lateral acceleration) phases. 
The authors conclude that variable ratio gears are of some 
benefit to drivers when gross steering movements are made, 
for example when parking, but do not appear to affect vehicle 
control under a variety of other driving conditions. The sub- 
jective ratings of the gears indicate a dislike of the more 
extreme 16-8: 1 variable ratio gear. 
Although Olsen and Thompson used a variety of different 
manoeuvres at low and relatively high speeds, they did not 
attempt to evaluate drivers' performance in high speed 
steady state conditions. Thus, while it seems likely that 
variable ratio steering improves low speed manoeuvreability, 
in that parking times were reduced, the effects of variable 
ratio steering on high speed straight line driving were not 
investigated, even though one of the aims of variable ratio 
steering is to reduce steering sensitivity at speed. The 
authors themselves also suggest that a sudden large-scale 
evasive manoeuvre, after prolonged driving requiring only 
minor steering inputs, should be a feature of future studies, 
in order to see whether the ratio changes encountered during 
large steering inputs adversely affect drivers' steering 
performance . 
An earlier piece of work from the Cornell Aeronautical 
Laboratory, which has more direct relevance to the present 
study, investigated the effects of steering force gradient 
on drivers' subjective evaluations. Using a vehicle in which 
artificial steering torques could be generated in relation to 
the vehicle's yaw rate or lateral acceleration, Segel (1964) 
set out to test the hypothesis that steering force gradient, 
already found to be an important parameter in pilots' ratings 
of aircraft handling, would also be important in automobile 
drivers' subjective evaluations of vehicle handling. (Steering 
force gradient in this case being the effort applied at the 
steering wheel per unit lateral acceleration of the vehicle, 
defined in terms of Nm/g where g=9.81 m/s2) . Five drivers, 
all familiar with aircraft handling evaluation techniques, 
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drove the test vehicle in steady state turns involving . 2g 
lateral acceleration, and in a "fast passing" manoeuvre. 
Subjects then responded to questions concerning the pre- 
cision and ease of making the turn, the force required to 
make the turn, the size of the steering input required in 
making the turn, the vehicle's response in the passing 
manoeuvre, the precision and ease with which the passing 
manoeuvre was made, the initial force required and the size 
of the initial control movements made in the passing 
manoeuvre. 
The data from this experiment were not subjected to statis- 
tical analysis, but on the basis of drivers' evaluations 
the author made the following conclusions: 
1) Too light a force gradient mades it difficult to pre- 
cisely position the steering wheel, with the result 
that drivers may undershoot or overshoot the desired 
path when making a turn. 
2) Steering wheel displacement appears to increase as the 
force gradient decreases, i .e., drivers became more 
aware of wheel displacement at lower force gradients. 
3) There is an optimum force gradient below which the 
straight ahead position is poorly defined, and above 
which the return of the steering wheel to the straight 
ahead position becomes too rapid. 
4) The precision of the steady state turn is less influ- 
enced by force level than the precision of the passing 
manoeuvre. The size of the wheel displacement is also 
less important in steady state than transient manoeuvres. 
5) Damping of the steering is also an important factor in 
drivers' ratings. 
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Segel tentatively suggests that a force gradient of 25 Nm/g 
might be considered optimum on the basis of the limited 
data acquired. 
Although the above study was exploratory in nature, and 
the small number of drivers used comprised a very biased 
sample of the driving population, at least one point of 
importance emerges from the study. Segel notes that, whilst 
force feedback to the driver aided him in completing the 
assigned manoeuvres, subjects were still able to steer the 
car satisfactorily around the course in the absence of any 
steering 'feel' at all. In other words, although drivers' 
evaluations were most favourable with a steering force 
gradient of 25 Nm/g, they could still steer the car satis- 
factorily using the steering wheel simply as a position 
control. 
In concluding this very brief review of work which investi- 
gates the effects of steering characteristics on drivers' 
performance, it can be seen that very little has been done 
to systematically and comprehensively evaluate steering system 
characteristics in terms of driver responses. In only one 
study, Brayman and Rice (1967), were subjects allowed to 
drive experimental vehicles on public roads, most studies 
confining their attention to drivers' performance in re- 
stricted, and relatively simple, off-road manoeuvres. 
The results of those studies which took as a dependent 
variable the number of cones hit by subjects suggest that 
this is not a particularly sensitive measure of performance. 
Drivers were able to adapt sufficiently to steering systems 
with widely differing ratios or force feedback character- 
istics without evidencing a performance decrement in terms 
of the number of marker cones hit. Indeed, a feature of 
many vehicle handling studies is the observation that 
drivers are able to adapt to even severely degraded systems 
with no apparent change in performance. 
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In contrast to what might be called the objective data such 
as the number of cones hit by drivers, the subjective data, 
i. e. drivers' ratings of experimental vehicles, generally 
were sensitive to differences in steering characteristics. 
Unfortunately, in two of the three studies which asked for 
drivers' subjective evaluations, no statistical analysis of 
the data was made, (Brayman and Rice 1967, and Segel 1964), 
and in only one study, (Brayman and Rice 1967), was the 
questionnaire administered to subjects actually given in 
the report. Although drivers' subjective evaluations would 
appear to be a potentially valuable source of information, 
the results of the studies reviewed above should be treated 
with caution. 
1.8 METHODOLOGICAL CONSIDERATIONS 
Since the characteristics of the Cam Gears experimental 
steering system were diverse in nature, and since an evalu- 
ation of this type had not been undertaken before, it was 
deemed desirable to 'cast the net' as widely as possible 
when considering which aspects of drivers' performance 
should be included in the study. The general approach 
was, therefore, to involve a large number of subjects in 
the evaluation, and to record as much data as possible from 
a variety of sources. Furthermore, a laboratory study, in 
which a number of parameters would be varied over a limited 
range of values in a simulated vehicle, was clearly not an 
appropriate approach for the purposes of the present study. 
Instead it was thought necessary to allow subjects to drive 
an experimental vehicle fitted with the multi-characteristic 
system for fairly long periods in the real world, so that 
their verbal and behavioural responses to a range of normal 
driving conditions could be recorded. In addition, a 
relatively large sample of both male and female drivers of 
all ages and levels of experience would be required to make 
the results of the study as generalizable as possible. 
Having established the general methodological principles 
upon which to base the study, a number of aspects of its 
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design and implementation were then considered in more 
detail. 
1.8.1 PILOT STUDY 
The most convenient way to elicit and to record subjects' 
verbal responses is, of course, to use a questionnaire of 
some kind. However, it is also of vital importance to make 
the content of the questionnaire meaningful for the intended 
subject population. Since it was not known which questions 
about power steering characteristics would make sense to 
drivers who may or may not have driven with power steering 
before, it was anticipated that considerable effort would 
need to be expended in finding out what concepts ordinary 
drivers might use in describing power assisted steering. 
In order to provide this information, it was decided to 
carry out a pilot study in which drivers would be encour- 
aged to make as many comments as they wished whilst driving 
a power steered vehicle over a variety of different roads 
on a test route. Drivers' comments, made freely under 
these relatively relaxed and informal 'test' conditions 
would then be used as a basis of the evaluation question- 
naire. The pilot study is described in detail in the Method 
section . 
1.8.2 'FAMILIARIZATION' RUN 
Previous experience in the field of driver behaviour re- 
search suggested that drivers require at least an hour to 
become reasonably familiar with a strange car. It was, 
therefore, decided that subjects would be allowed a 'familiar- 
ization' run on the test route prior to the experimental run. 
The test route would be designed to take approximately an 
hour to drive, and would be composed of town driving, trunk 
road and rural 'A' class roads, and a motorway section. 
On 
the first, familiarization, drive all subjects would use the 
standard power steering so that, besides allowing 
drivers to 
become used to the car, the experimental procedure and 
the 
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test situation, data would also be available to provide an 
evaluation of the standard power steering characteristics. 
On both the familiarization and the experimental road drive, 
an observer would accompany subjects in order to explain the 
route to be followed, and to record whatever data was deemed 
appropriate. Of interest would be driving variables such as 
speed, lane-position, steering behaviour on bends and when 
overtaking, the subjects' steering technique and so on. These 
would be recorded on a specially prepared observation sheet. 
1.8.3 RECORDING DRIVERS' STEERING BEHAVIOUR 
Since the study primarily concerned the evaluation of the 
vehicle's steering, it was also thought to be appropriate 
to record the driver's steering inputs. Unfortunately, a 
continuous record of steering wheel position for such a long 
drive would be both difficult to record, and time consuming 
to interpret. Because steering input was to be only one of 
many variables recorded, and because the relative importance 
of steering input could not be estimated on an- a priori 
basis, the sizeable research effort required to provide a 
continuous record of steering activity was not felt to be 
justif led . 
A limited amount of information about steering inputs can 
be gained fairly easily, however, from a record of steering 
reversals, that is, the number of times the steering wheel 
is moved to and fro across a given angle. Steering reversals 
of small and large degree are relatively easily detected and 
recorded. Furthermore, steering reversals are known to be 
affected by such variables as the nature of the steering 
task, the type of road over which subjects are driving, and 
a number of driver variables. Moreover, steering reversals 
have been found to be unaffected by the type of steering 
normally used by drivers. The findings of a representative 
selection of studies in which steering reversals have been 
used as a measure of driver performance are described 
in the 
following paragraphs. 
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The earliest use of steering reversals in driver behaviour 
research is usually attributed to Greenshields and Platt, 
(see, for example, Greenshields 1963, Platt 1963, Greenshields 
and Platt 1967), who recorded several driver input and vehicle 
output variables to compare drivers with different accident 
and violation records. These authors found that they could 
discriminate between different groups of drivers on the basis 
of five variables including steering wheel reversals. 
Safren, Cohen and Schlesinger (1970), found that while 
steering wheel reversals were a reliable measure of drivers' 
steering performance, in that they did not vary over time, 
there was no significant difference between experienced and 
inexperienced drivers' steering reversals as they negotiated 
a mile-long, U-shaped, driving course. Johns and Bundy 
(1974), found that subjects' steering wheel reversal rates 
were consistent over time, and further, that fine steering 
wheel reversals were unaffected by road type, whereas coarse 
steering wheel reversal rates were different over different 
sections of the route. "Fine" steering reversals were 
defined in this study as wheel displacements exceeding 
4 inch (6 mm) and "coarse" steering reversals defined as 
wheel displacements of 14 inches (30 mm). The authors 
suggest that fine steering wheel reversals tend to reflect 
individual differences amongst drivers, but that coarse steering 
wheel reversals reflect changing road conditions. 
Maclean and Hoffman (1975) reviewed previous work in which 
steering reversals had been used to measure steering per- 
formance, and concluded that frequency characteristics, 
i. e. reversal rates, provide a measure of steering task 
difficulty rather than steering performance. They further 
suggested that the difficulty of a steering task depends 
not only on the nature of the task, for example, lane width 
or the speed at which the task is carried out, but also on 
the degree of error tolerated by the driver. The authors 
argue, therefore, that differences in reversal rates may 
reflect either task difficulty or the driver's error criterion. 
Although this observation is undoubtedly a valid one, no evi- 
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dence is produced which indicates that drivers' error criteria 
are dependent upon the nature of the task, so that the distin- 
ction made between task-imposed and self-imposed difficulty is 
a rather artificial one. 
A more important point made by Maclean and Hoffman is that the 
gap size across which reversals are measured will have an 
important bearing on the interpretation of results of steering 
reversals data. Peak reversal rates in a study reported by 
these authors correlated most highly with reversal gaps of 
between . 035 and . 175 rad depending upon the nature of the 
task performed. Of equal importance to the interpretation 
of steering reversals data, however, is the steering ratio 
and the steering response characteristics of the test vehicle, 
neither of which are mentioned by Maclean and Hoffman. 
In a study designed to determine how two different kinds of 
highway affected drivers' control responses under normal 
driving conditions, Soliday and Allen (1972) found no dif- 
ferences in control use, including fine steering reversals, 
between a group of women drivers used to manual steering and 
a group of women drivers used to power assisted steering. 
Fine steering reversals were defined in terms of a 20 (. 035 
rad) displacement of the steering wheel, and the experimental 
car in this study was equipped with power assisted steering. 
The authors did find large differences on all control vari- 
ables between the two types of highway on which subjects 
drove, with more control use occuring in rural highway 
driving than interstate highway driving. 
Finally, in a more recent study, Greensmith (1981) has 
investigated the effects of male and female drivers' accident 
record and exposure on a number of vehicle control use and 
other variables including fine and coarse steering reversals. 
Fine steering reversals were defined in the Greensmith study 
as an angular displacement of 
± 20 (. 035 rad), and coarse 
steering reversals as an angular displacement of 
t 140 (. 24 
rad). Discriminant analysis and factor analysis were success- 
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fully used by Greensmith to characterise groups of drivers 
in terms of these driving variables. Accident free drivers 
were found to make many adjustments to their speed, both up 
and down, to generate higher levels of lateral acceleration 
when cornering, and to make more coarse steering reversals 
than accident-involved drivers. Accident-involved drivers, 
on the other hand, were found to drive faster when they had 
the opportunity, made more fine steering reversals, passed 
other vehicles more frequently, and made more accelerator 
applications than non-accident drivers. Greensmith was also 
able to distinguish between male and female drivers on the 
basis of combinations of the driving variables, and of 
interest here is that female drivers tended to make more 
fine steering reversals than male drivers. In a test-retest 
measure of these variables' reliability, fine steering re- 
versals were found to be one of the least consistent measures 
of driving performance. This latter finding contrasts 
with the results of the Safren, Cohen and Schlesinger study 
mentioned previously which suggested that steering reversals 
were a reliable measure of drivers" steering performance, in 
that they did not vary over time. 
The results of these studies clearly indicate that steering 
reversals provide a useful measure of steering performance 
in a variety of driving situations. Of particular relevence 
to the present study is the finding that the number of fine 
steering reversals made by the driver are unaffected by the 
type of steering normally used, and the finding that steering 
reversals may be interpreted as a measure of steering task 
difficulty. It was decided, therefore, to include fine and 
coarse steering wheel reversals as dependent measures in the 
present study. 
The device to be employed for recording steering reversals 
was obtained from the same source as those used in the 
studies referred to above, with the exception of Maclean 
and Hoffman (1975) who extracted reversals data from more 
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comprehensive continuous steering wheel position records. 
The reversal gaps measured in previous studies were not 
equivalent, however, which makes direct comparison of results 
difficult. A further complication arises from the fact that 
the steering ratio of the experimental vehicle in studies of 
this type will also have an effect on the interpretation of 
results, in that the lower the vehicle's steering ratio, the 
greater the heading change implied by a steering wheel 
reversal of a given magnitude. 
In the present study, both steering ratio and the angle of 
rotation of the steering wheel for fine and coarse reversals 
were measured in order to facilitate the interpretation of 
steering reversals data. The test vehicle's steering ratio 
was estimated by recording front wheel angle for each of a 
number of steering wheel angles from full left lock to full 
right lock, and plotting these values on a graph. (Front 
wheel angles were measured by mounting the wheels on radius 
plates. The static nature of these measurements ignores any 
compliance effects due to forces generated by contact between 
moving tyres and road. ) 
Having established that the test vehicle's steering ratio 
was in the region of 18: 1, steering wheel angles corres- 
ponding to a 'fine' and a 'coarse' steering reversal 
recorded by the device were also measured, again with the 
vehicle stationary, its front wheels mounted on radius 
plates. Fine steering reversals were found to correspond 
to wheel movements of 
t 
. 044 rad, and coarse steering 
reversals to wheel movements of 
f 
. 244 rad. The impli- 
cation of these measurements is that fine steering reversals 
will not result in vehicle heading changes, but that a small 
heading change is likely to result from a coarse steering 
reversal. Previous studies have employed reversal gaps 
similar to those recorded for the present study, and if it 
is assumed that the steering ratios of the experimental 
vehicles used were in the region of 20: 1 to 24: 
1, (a reason- 
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able assumption since these were all American cars), then 
the meaning of 'fine' and 'coarse' steering reversals is 
likely to be roughly comparable between this and previous 
work. 
1.8.4 TEST-TRACK DRIVIt'lG TASK 
In addition to observing subjects' driving on a variety of 
public roads, it was also decided to require subjects to 
complete specific driving manoeuvres on a test-track. By 
asking subjects to perform a number of highly constrained 
driving tasks it was felt that individual differences in 
driving technique would be minimized and differences in 
performance due to steering characteristics would be maxi- 
mized. 
The manoeuvres incorporated in the test-track driving task 
were designed to be representative of normal driving con- 
ditions, but at the same time to constrain drivers to follow 
a particular path delineated by traffic cones. Thus, a low 
speed lane-keeping task, a small radius 'roundabout' manoeuvre, 
a garage parking manoeuvre involving forward and reverse 
parking, a lane-change manoeuvre and a 'slalom' manoeuvre 
were linked in a continuous test circuit. 
The following dependent measures were chosen to quantify 
subjects' performance on the test-track; the time taken to 
complete each of the manoeuvres, the number of fine and 
coarse steering reversals made during each manoeuvre, and 
the number of marker cones hit by subjects. In the event 
that subjects' performance on these primary task measures 
was found to be the same irrespective of the power steering 
characteristic in use, it was decided to include a subsid- 
iary task in the hope that any differences in the mental 
load imposed on drivers by the steering systems would become 
apparent. 
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1.8.5 THE TEST-TRACK SUBSIDIARY TASK 
The use of subsidiary tasks in driving research has a fairly 
long and chequered history. The rationale underlying their 
use is that where no errors occur in the performance of a 
primary task, for example drivers carrying out manoeuvres 
on the test area do not collide with the marker cones, a 
subsidiary loading task may be added to occupy subjects' 
spare mental capacity. If the primary task then becomes 
more difficult, for instance if drivers are given an 
'inferior' steering system, subjects will still be able to 
perform the primary task adequately, but will be forced to 
shed the secondary task or to make errors in its performance 
indicating a reduction in 'spare' mental capacity. 
The problem with subsidiary tasks however, is that they may 
sometimes disrupt performance of the primary task, and only 
when the primary task remains error-free can the subsidiary 
task performance be taken as an index of spare mental capa- 
city 
A series of papers by Brown (1965), Brown and Poulton (1961) 
and Brown, Simmonds and Tickner (1967), illustrate the use 
of subsidiary tasks in a driving context. The first study, 
by Brown and Poulton, used two groups of drivers, "advanced" 
and "average", and two subsidiary tasks, one an auditory 
task in which subjects were to detect a new digit embedded 
in a group of digits, and the other a mental addition task 
which involved the summation of three digits. The aim of the 
study was to assess differences in mental load during driving 
in a residential area and driving in a shopping area, the 
assumption being that driving in a heavily trafficked shop- 
ping area would be more demanding. Both groups of subjects 
performed with and without the subsidiary task so that any 
influence of the subsidiary task on the primary (driving) 
task could be detected. For both groups of subjects, the 
percentage of errors in the subsidiary task were found to 
be greater when subjects drove in shopping areas than when 
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they drove in residential areas. Because the subsidiary 
tasks were always given on the second circuit of the route 
however, possible effects of the subsidiary task on the 
primary task were confounded with familiarization with the 
car. Thus the increased use of accelerator noted for one 
of the experimental groups may have been the result of 
responding to the subsidiary task or due to familiarization 
with the car. No difference in drivers' average speeds was 
found between the first and second circuits however. 
Brown (1965) compared two subsidiary tasks on their ability 
to measure the effects of fatigue in car driving. It was 
expected that drivers would draw on their 'reserve capacity' 
during a long period of driving in order to offset the 
effects of fatigue and maintain a high level of performance. 
The inclusion of the subsidiary task would serve to 'use up' 
this reserve capacity so that errors in the subsidiary task 
would increase as fatigue built up. The two subsidiary tasks 
used were an auditory "attention" task, in which subjects 
were to detect odd-even-odd sequences in randomly presented 
digits, and a "memory" task in which one letter in a'series 
of ten was repeated and the subject was to name the letter 
at the end of the sequence. Subjects were police drivers 
who drove an instrumented car over a 3.5 Km route before and 
after an 8 hour shift. It was found that neither subsidiary 
task appeared to affect control use in the driving task, 
although a slight decrease in driving speed was observed 
when the subsidiary tasks were given. Contrary to expect- 
ation, drivers performed better on the subsidiary task, 
i. e., made fewer errors, when tested at the end of their 
shift than they did when tested before starting the shift, 
and this was especially noticeable in the case of the 
auditory task. 
A possible explanation for these findings is that prolonged 
driving leads to greater automatization of control skill so 
that more, instead of less, spare mental capacity becomes 
5? 
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available. In order to test this hypothesis, Brown et ai 
(1967) asked subjects to respond to the subsidiary task at 
intervals throughout 12 hours of continuous driving. Two 
subsidiary tasks were used in this experiment, the detection 
of a dim light source presented simultaneously in the 
interior and exterior mirrors of the car, and an "interval 
production task" in which the subject responded at a demon- 
strated rate by calling out 'Tal. Brown et al found that 
performance on the vigilance task improved with prolonged 
driving, although no differences were seen in control use 
or in the interval production rates. 
Although the use of subsidiary tasks in the above studies 
were largely successful, in that they did not appear to sig- 
nificantly interfere with the primary (driving) task, this 
has not always been the case in other areas of research. In 
an excellent review article on the use of subsidiary taks, 
Rolfe (1971) notes that in many instances, despite instruc- 
tions to the contrary, subjects do allow the subsidiary task 
to depress their performance on the primary task, although 
the effect may not be noticed because primary task performance 
measures were relatively insensitive. In conclusion, Rolfe 
suggests that, 
"the secondary task is no substitute for competent and 
comprehensive measurement of primary task performance. 
The technique should always be looked upon as a means 
of gathering additional information rather than as an 
easy way of gathering primary information. " 
It was decided to include a subsidiary task on alternate 
trials of the planned test-track sessions in the present 
study to provide "additional information" in the sense used 
by Rolfe. The task designed was a visual one, to make it 
compatible with the largely visual demands of the driving 
task, and it was designed to be self-paced, so that the 
number of responses rather than the number of errors in the 
53 
task would be taken as an indication of spare mental capacity. 
lt was also felt that by making the subsidiary task self- 
paced, subjects could easily drop the subsidiary task when 
the demands of the primary task increased. By administering 
the subsidiary task on half of the test-track trials, it 
would be possible to compare primary task measures on those 
trials in which subjects responded to the subsidiary task and 
those trials in which they did not, so that any effect of the 
subsidiary task on the primary task could be detected. 
1.8.6 STATISTICAL ANALYSIS 
Finally, the implications of the method of implementing the 
study were considered from the point of view of the statis- 
tical analysis of the data. 
In the early stages of planning the experiment, a repeated 
measures analysis of variance design was considered. Re- 
peated measures designs have the advantage of minimizing 
extraneous variance due to individual differences, and, as 
a wide variability is associated with most aspects of driver 
performance, this was felt to be an important feature of the 
design. Unfortunately, two problems with the use of repeated 
measures immediately became apparent. These concerned the 
number of replications required, and possible learning 
effects. 
It will be recalled that the experimental steering system 
to be evaluated incorporated five separate steering charac- 
teristics. For each subject to evaluate each characteristic, 
however, something like five hours driving, five question- 
naires and five test-track sessions would be involved, and 
this was felt to be too much to ask of subjects, even if 
spread over a number of sessions. Consideration was there- 
fore given to reducing the number of characteristics eval- 
uated by each subject to two or perhaps three, which it was 
felt would enable the evaluations to be made in a single ses- 
sion and without demanding too much of subjects. In addition, 
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it was clear that significant learning effects would occur 
over repeated evaluations, especially on the test-track 
manoeuvres, so that it would be necessary to balance the 
design with respect to both order and sequence. Reference 
was, therefore, made to Winer (1962) in an effort to find a 
suitable incomplete blocks design balanced for order and 
sequence. Unfortunately, no suitable design was found which 
had been worked out for the appropriate number of groups, 
size of block and which was fully balanced with respect to 
order and sequence. Incomplete blocks designs also have a 
slight disadvantage, in that some information is lost on 
the higher order interactions which, in the case of the 
present work, could have been important. It was decided, 
therefore, to abandon an analysis of variance approach. 
Because of the diverse nature of the data to be collected 
during the experiment, and because of the large number of 
dependent variables, it was felt that the data reduction 
capacities of such multi-variate techniques as factor 
analysis and discriminant analysis would be highly appro- 
priate analytical tools. Having "cast the net wide" at 
the outset of the experiment, in order to tap as many sources 
of information about drivers' responses to power steering 
characteristics as possible, factor analysis would provide 
the means by which combinations of the most important vari- 
ables could be selected and used as a basis on which to 
attempt to discriminate between groups of drivers assigned 
to the experimental power steering characteristics. 
A three stage approach was decided upon, therefore, to 
provide a comprehensive and systematic evaluation. of the 
multi-characteristic power steering system. These stages 
may be summarized as follows: 
STAGE 1. A pilot study would be conducted in order to 
identify those variables which are present in drivers' 
verbal responses to power assisted steering. The results 
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of the pilot study would be used to construct an evaluation 
questionnaire which, in combination with the performance 
measures described above, would provide a large amount of 
data on subjects' verbal and behavioural responses to the 
experimental power steering characteristics. 
STAGE 2. Factor analysis would be used as a data reduction 
technique in order to generate combinations of the most 
important variables from Stage 1 in the form of a relat- 
ively small number of 'factors'. 
STAGE 3. Discriminant analysis would be used in the final 
stage of the experiment in order to discriminate between 
groups of subjects assigned to the various experimental 
characteristics on the basis of the factors obtained at 
Stage 2. 
/ 
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2 PILOT STUDY 
As mentioned previously, it was intended that drivers' ver- 
bal responses would provide a major source of data in the 
evaluation of the Cam Gears experimental multi -characteristic 
power assisted steering system. Consequently, it was decided 
to expend considerable effort in developing an appropriate 
subjective assessment questionnaire for use in the main part 
of the study. A pilot study was undertaken, therefore, to 
provide information about the concepts used by drivers to 
describe power assisted steering. 
2.1 SUBJECTS 
Subjects in the pilot study were all unpaid volunteers, and 
were drawn from various departments within the Institute 
including the School of Automotive Studies. Represented 
were members of the academic, research, secretarial and 
technical staff, workshop and general staff and students. 
A wide variability in terms of background, age and driving 
experience was, therefore, present in the subject population. 
A total of 25 subjects, 16 male and 9 female took part. 
2.2 THE TEST VEHICLE 
The vehicle used jnt[epilot study, which was later used in 
the main study, was a 1977 Ford Granada Ghia. The Granada 
is, by European standards, a large saloon car, the Ghia 
version having a3 litre engine, automatic transmission 
and power assisted steering as standard equipment. 
The only modification made to the test-vehicle for the pur- 
poses of the pilot study was the fitting of the Cam Gears 
multi -characteristic steering system in place of the standard 
item. Four switches fitted to a panel inside the front 
passenger's glove compartment enabled the experimenter to 
select the desired power steering characteristic without 
leaving his seat beside the driver. 
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2.3 METHOD 
Prior to each pilot run, the experimenter selected the appro- 
priate power steering characteristic by manipulation of the 
control switches inside the test-vehicle. Subjects were told 
that the purpose of the pilot study was to find out how 
drivers reacted to the experimental power assisted steering, 
and that they would be asked to keep up a running commentary 
on their reactions as they drove the car over a prescribed 
route. 
Each subject was required to drive the experimental car, 
accompanied by the experimenter, over a 48 kilometre route 
which included rural 'B' class roads, 'A' class trunk roads, 
an 8 kilometre section of motorway driving and two short 
sections of urban driving. The route took approximately 
one hour to drive . 
Subjects were encouraged by the experimenter to maintain a 
running commentary on their reactions to driving the experi- 
mental car in general, and to describe their reactions to 
the power assisted steering in particular, as they drove 
over the route. Comments from the first eight subjects, 
five men and three women, were simply written down by the 
experimenter in longhand. This method of recording was not 
found to be entirely satisfactory, however, and subsequently 
drivers' comments were tape-recorded and transcribed after 
the drive. Besides being a more efficient technique, tape- 
recordings also left the experimenter more time to follow 
the subject's commentary and to respond with questions when 
the subject's meaning was unclear. In the event that a sub- 
ject 'dried up', or found it difficult to make comments 
spontaneously, he was asked to imagine he was describing the 
car's steering characteristics to someone who had never driven 
the car, or to try to explain how he thought that the power 
steering was operating. The latter technique proved very 
effective, in that drivers tended to adopt a 'hypothesis 
testing' attitude, trying to explain how the power steering 
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operated in the light of its behaviour under different 
driving conditions. 
Each of the four experimental characteristics and the standard 
power assisted steering were used in the pilot study, subjects 
being allocated to one of these five steering modes on a 
sequential basis in the order that they were recruited to 
take part. 
2.4 RESULTS 
Drivers' comments, in the form of transcribed tapes or hand- 
written sheets, were physically cut up into individual state- 
ments and sorted into categories by the experimenter. That 
is, each statement was inspected and categorized according 
to what the experimenter considered were its keywords or 
major theme. Thus, comments on the 'lightness' of the 
steering were placed in one category, comments on the 
'sensitivity' of the steering were placed in another cate- 
gory and so on. 
Initially, relatively few categories were identified, each 
containing a large number of statements. Repeated sorts 
were made of these large categories until it was felt that 
each category represented a separate, indivisable, dimension 
which was being used by subjects to describe some aspect of 
their reaction to the experimental vehicle and its steering 
system. Comments on other characteristics of the experi- 
mental car, for example, its general layout, were placed in 
a separate category, as were miscellaneous comments made by 
subjects which did not relate to the experimental car in any 
way . 
On completion of the sorting procedure, eighteen categories 
were identified into which drivers' verbal responses to the 
experimental car and its power steering system could be 
placed. A description of these, and the two categories 
containing general comments on the car and miscellaneous 
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comments, are given below. (The numbers associated with 
each category were assigned on a purely arbitary basis, and 
they should not be taken as an index of the relative import- 
ance of the category to which they refer. ) 
Category 1. POWER OF THE EXPERIMENTAL CAR 
Comments placed in category one were primarily concerned 
with the engine power of the experimental car. This was 
generally greater than subjects were accustomed to and, 
although not related to the steering, comments in this 
category clearly indicate that the power of the car featured 
largely in their perceptions of the experimental vehicle. 
Examples of comments in this category were the following: 
"I wouldn't have passed that car if I'd been driving 
my own car - this has more acceleration. " 
"I think I'd be more adventurous in this car - the 
acceleration is so much greater, I'd take advantage 
of it. " 
"You tend to drive more smoothly in a car with a 
powerful engine. " 
The total of nineteen comments placed in this category were 
made by seven subjects. 
Category 2. STEERING TECHNIQUE, GRIP AND HAND POSITION 
Comments placed in category two were often made in response 
to observations from the experimenter and were mainly con- 
cerned with the way subjects held and turned the steering 
wheel. Examples of comments in this category were: 
"The wheel isn't slippery, you can grip with it. I'm 
holding the wheel loosely. " 
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"With the Citroen (the subject's own car) you need 
to grip the wheel more, and put more effort into it, 
but with this it's very easy - you only need to hold 
the wheel very lightly. " 
"I've abandoned any attempt to drive hand-over-hand. " 
(This in response to the experimenter's observation that 
the subject had changed from a 'hand-over-hand' technique to 
'feeding' the wheel through his hands. ) 
The total of twenty comments in this category were made by 
nine subjects. 
Category 3. EFFECTS OF POWER ASSISTANCE ON THE GEOMETRY 
OF STEERING MANOEUVRES 
Comments placed in category three referred to the effects 
that the power assisted steering was having on drivers' 
steering manoeuvres. Often, these effects were found by 
drivers to be temporary, in that, by the end of the pilot 
run they were no longer noticeable. Examples of comments 
in this category were the following: 
"I don't feel too happy on shallow curvature, it's 
not going smoothly round the curve, it goes out and 
then back. " 
"I just wound on about three times as much steering 
as I needed and took a much tighter turn. There's 
a tendency to come to a junction, stop, and turn 
through ninety degrees at first. " 
"It (the power assistance) makes turning through 
large angles much easier. " 
The total of fourteen comments placed in this category were 
made by six subjects . 
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Category 4. GETTING USED TO THE EXPERIMENTAL CAR 
Comments placed in category four refer to the need for drivers 
to adapt to the control characteristics of the car, that is 
its automatic transmission, brakes and steerinq, and to the 
size of the car. The majority of comments in this category 
were elicited by questions from the experimenter. Examples 
were the following: 
"Yes, it's fairly easy to adapt to this car because 
its automatic. In a manual gearbox car, all clutches 
are different. " 
"I was surprised how quickly I adapted to the width 
of the car, it never presented a problem. " 
"I'm just getting used to not using the accelerator 
too viciously. With a manual gear car, you have to 
increase the revs a bit first. " 
The total of forty -seven comments placed in this category 
were made by ten subjects. 
Category 5. RETURN OF THE STEERING TO THE 'STRAIGHT AHEAD' 
POSITION 
Comments placed in category five refer to the way in which 
the car's steering wheel returned to the straight ahead 
position after drivers had completed a turning manoeuvre. 
Examples of comments in this category were the following: 
"At the Junction, I had to turn the wheel back through 
my hands, it didn' t spin back. " 
"It doesn't straighten up as rapidly as you might 
expect it to, it comes back gently. " 
"Again, I had to pull the wheel over, it didn't 
return through my hands. " 
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The total of seven comments placed in this category were 
made by three subjects. 
Category 6. THE TEST-VEHICLE' S STEERING RATIO 
Comments placed in category six were elicited by direct 
questions from the experimenter about the test-vehicle's 
steering ratio. Subjects' responses indicate either that 
the steering ratio of the experimental car was not noticeably 
different from that of their own car, or that this was not a 
very salient feature of the steering as far as most subjects 
were concerned. Examples of the comments in this category 
were the following: 
"I don't know if the ratio is any different (from the 
subject's own car). " 
"It feels like a low ratio. " 
"You seem to have to turn the wheel very little, it 
feels like it has a small turning circle. " 
The total of seven comments placed in this category were 
made by six subjects. 
Category 7. STABILITY OF THE EXPERIMENTAL CAR 
Comments placed in category seven referred to the feeling of 
stability given by the experimental car, and many comments 
indicate that this gave drivers confidence in the steering. 
The large number of comments made suggest that this was an 
important characteristic for many subjects. Examples were 
the following: 
"I'm allowing for bumps (in the road) but there's no 
need -I could go fast round bends. " 
"I noticed that in a crosswind gust I didn't have to 
hang on to the wheel or correct the steering. " 
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"It's certainly a very stable car, there's no tendency 
to wander on the road at all. " 
The total of thirty-six comments placed in this category were 
made by ten subjects. 
Category 8. EFFORT REQUIRED TO DRIVE THE EXPERIMENTAL CAR 
Comments placed in category eight refer to subjects finding 
the car effortless to drive. Again, the large number of com- 
ments in this category suggest that this was an important 
characteristic of the car for many drivers. The reason for 
this feeling of effortlessness appears to have been a com- 
bination of the automatic gearbox, the power assisted steering 
and the power of the engine. Examples of comments in this 
category were the following 
"Taking the gear change away allows you to concen- 
trate. The car reacts quickly and you are in complete 
control of the car with ease. " 
"It's effortless. All you have to do is use the 
accelerator, the brake, and steer it. " 
"It must be easy to drive long distances in this 
car. " 
The total of thirty four comments placed in this category 
were made by nine drivers. 
Category 9. IMPLICATIONS OF HAVING "LESS TO DO" WHEN 
DRIVING THE EXPERIMENTAL CAR 
Comments placed in category nine refer to the consequences 
of the car's being effortless to drive. Most of these 
comments were made in response to questions from the experi- 
menter concerninq the safety implications of a car which 
demands little effort to drive. Examples of comments in 
this category were the following: 
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"A lot of people think they' ll fall asleep if they 
haven't got much to do, but it gives one more time 
to concentrate on the road. " 
"It's a good thing. You're not concerned with the 
mechanics, (of driving the car) you can concentrate 
on driving and get through difficulties better. " 
"Being effortless to drive increases your awareness 
of what's going on outside. " 
The total of fifteen comments placed in this category were 
made by eight subjects. 
Category 10. SINGLE WORD DESCRIPTIONS OF THE STEERING 
During the course of each pilot run drivers were asked to 
describe the test-vehicle's steering in a single word, or in 
a series of single words. Those single word descriptions 
which did not fit into other categories were placed in 
category ten. Examples of these were as follows: 
"Positive", "Smooth, gentle", "Swingy". 
The total of twenty four comments in this category were made 
by ten drivers. (Some subjects were unable to think of single 
words to describe the steering. ) 
Category 11. PREDICTED PSYCHOLOGICAL EFFECTS OF DRIVING THE 
EXPERIMENTAL CAR ON A REGULAR BASIS 
Comments placed in category eleven were made in direct res- 
ponse to the experimenter's asking subjects if they thought 
that driving the car on a regular basis might change their 
driving behaviour. Would they drive any more or less aggres- 
sively, for instance, faster or more slowly, and would it 
change their attitudes to other road-users? Examples of the 
comments in category eleven were the following: 
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"Yes, I don't know why, but I'm driving it smoothly. 
It's automatic and, to me, autos make you drive less 
aggressively ." 
.... "I feel quite relaxed poodling along at 30 m. p. h. 
(48 k/h) behind this stream of traffic. I'd be trying 
to overtake in my car. " 
"Yes, I think you might be more prepared to give way 
to pedestrians and other cars because it costs you 
nothing to stop and go again. " 
The total of nineteen comments in this category were made by 
eight drivers. 
Category 12. DRIVING SPEED IN THE EXPERIMENTAL CAR 
Comments placed in category twelve were, in some cases, 
made spontaneously, and, in other cases, were made in re- 
sponse to the experimenter's questions about the speed at 
which subjects would normally drive. Many of the comments 
in this category indicated that drivers tended to under- 
estimate their speed in the experimental car. Examples 
were the following: 
"I'm going about 3 to 4 m. p. h. (4 to 6 k/h) faster 
than I normally would. " 
"I'm going faster now than I normally would in my 
own car but you don't notice it - it feels like a 
safer speed. " 
You tend to loose a sense of speed because it's so 
effortless. " 
The total of thirty six comments in this category were made 
by ten drivers. 
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Category 13. RESPONSE CHARACTERISTICS OF THE TEST 
VEHICLE'S STEERING 
Comments placed in category thirteen make reference to the 
"responsiveness" and "positive" nature of the steering. 
These two terms appear to have been used synonomously to 
describe the speed with which the experimental car responded 
to a steering input. In most cases, drivers felt that this 
was more or less instant. Examples of comments in this 
category were the following: 
".... it feels more positive than normal (unassisted) 
steering, any movement of the wheel is taken up by 
the car. " 
"When you turn the wheel there's definitely something 
happening, you can feel the response straightaway. " 
"It takes the heaviness out of steering, as soon as 
you touch the wheel, you get an instant reaction. " 
The total of twenty two comments in this category were made 
by nine drivers. 
Category 14. "PLAY" IN THE STEERING 
Comments placed in category fourteen referred to the amount 
of "play" in the test-vehicle's steering, by which subjects 
appeared to mean an area around the straight ahead position 
in which the car did not respond to the steering. Some 
subjects, however, commented that there was no "play" in the 
steering. Examples of the comments in this category were 
the following : 
"You need plenty of room with this (car), I wouldn't 
like to be forced into the side of the road - there's 
too much play in the steering. " 
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"It's only the feeling that there's play in the wheel 
at high speeds, it doesn't actually wander. " 
"It doesn't seem to have much play in it.,, 
The total of twenty nine comments in this category were made 
by eight drivers. 
Category 15. LACK OF STEERING 'FEEL' 
Comments placed in category fifteen appeared to correspond 
to what is commonly termed steering 'feel', that is, the 
force feedback characteristics of the steering. Subjects' 
comments tend to confirm that drivers were aware of the 
lack of 'feel' often associated with power assisted steering. 
Examples of comments in this category were the following: 
"On a manual steered car, when you go round you feel 
the car digging in as you go round. I didn't feel 
that at all in this car. " 
"Difficult to say whether you'd be able to feel icy 
or greasy roads through the steering. You can feel 
the steering go lighter on my car on ice. " 
"I'm not used to the car yet, but on my car I can 
feel the front wheels on the road. In this car, I 
can't translate the movement of the steering wheel 
into what the front wheels are doing. " 
The total of twenty two comments in this category were made 
by eight drivers. 
Category 16. ASSISTANCE CHARACTERISTICS OF THE STEERING 
Comments placed in category sixteen made reference to changes 
in the amount of effort required to steer the car under 
different driving conditions. For many drivers, this appears 
to have been an important feature of the test vehicle's 
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steering, reflected by the fact that this category contains 
more comments than any other single category . The following 
are some examples : 
"On bends .... it seemed that the further you turned 
the wheel the less resistance there was, or the more 
assistance there was. " 
".... when I get there, (subject indicates the 
position of the steering wheel) about 400 round, 
there's a sudden drop in resistance. " 
"It feels lighter when you're going slowly. Not 
sure if it's the mechanics, or what one's used to, 
in that you expect the steering to get heavy at 
low speeds. " 
The total of forty three comments in this category were 
made by eight drivers. 
Category 17. TENDENCY TO "OVERSTEER" 
Comments placed in category seventeen made reference to 
subjects' tendency to "oversteer" when manoeuvreinq the test- 
vehicle. The term "oversteer"* appears to have been used by 
drivers to mean that they inadvertently turned the steering 
wheel further than was necessary under some circumstances. 
Often such comments were accompanied by an explanation in 
terms of the subject's having expected resistance to turning 
the steering wheel which was absent in the experimental car. 
"Over steering" tended to be a transitory phenomenon, however, 
having disappeared in most cases by the end of the pilot run. 
Examples of comments in this category were the following: 
*The use of the term "oversteer" by drivers in this context 
should not be confused with its formal use in the field of 
vehicle dynamics, where it defines a particular response 
characteristic of the vehicle itself. 
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"At low speeds you can easily oversteer because it's 
so positive. " 
"Yes I did (oversteer) a bit, I was expecting more 
resistance from the wheel. I'm not having that 
trouble now. " 
"It feels like in an emergency it might be possible 
to overcorrect your position and to oversteer. " 
The total of twenty five comments in this categoty were 
made by eight drivers . 
Category 18. LIGHTNESS OF THE STEERING 
Comments placed in category eighteen referred to the light- 
ness of the test-vehicle's steering, and the tenor of these 
comments was generally favourable. The following were some 
examples: 
"It's dead easy as far as the steering goes, it's 
very, very light. " 
"When you're going round corners, there's no effort 
at all, it's very light. " 
"Nice and easy to turn. " 
The total of thirty four comments in this category were made 
by ten drivers. 
CATEGORY 19. COMMENTS ON OTHER FEATURES OF THE EXPERIMENTAL 
CAR 
Comments placed in category nineteen made reference to 
features 
of the test-vehicle which were not felt to be directly relevant 
to its general handling qualities or to the steering. 
Examples 
of comments in this category were the following : 
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"T he shape of the vehicle is good - you get an idea 
of where the front is ." 
"The steering wheel is nice, you get a good view of 
the instruments. " 
"The ashtray's badly placed, your hand tends to hit 
the gear change. " 
The total of thirteen comments in this category were made by 
six drivers. 
Category 20. GENERAL COMMENTS ON MISCELLANEOUS DRIVING MATTERS 
Category twenty contains general observations made by drivers 
concerning the task itself and unrelated driving matters. 
Examples of comments in this category were the following: 
"I always feel more tense on the motorway, it only 
takes one person to make a mistake.... " 
"I don't think mini-roundabouts are a good idea, 
people still observe the original priority. " 
"Driving on British roads is very different from 
Canada - there you only need to drive in a straight 
line. " 
The total of seven comments in this category were made by 
five drivers. 
2.5 DISCUSSION 
The results of the pilot study were seen to be particularly 
encouraging in two respects. Firstly, they confirm that 
drivers do experience some difficulty in adapting 
to the force 
feedback characteristics of power assisted steering, and 
that drivers are aware of a lack of 'feel' as suggested 
in 
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the Introduction. Secondly, the results indicate that ord- 
inary drivers have a range of concepts at their disposal with 
which to describe the salient features of power assisted 
steering. 
Of the twenty categories used to classify drivers' comments, 
ten were found to relate directly to the characteristics of 
the experimental steering system, namely, categories 3,5,6, 
7,13,14,15,16,17 and 18. Some indication of the relative 
importance of a particular category is given by the number of 
comments contained within it, and the number of drivers making 
those comments. (lt should be remembered that drivers were 
assigned to different steering modes which are likely to have 
given rise to different categories of comments. It is not 
surprising, therefore, that no single category contained com- 
ments from all drivers. ) Since the number of drivers making 
comments in a particular category is probably a better index 
of its importance than the absolute number of comments, it 
is possible to rank the 'steering' categories in order of 
importance as follows: 
Category Number of Number of 
Comments Drivers 
7 (Stability of the car) 36 10 
18 (Lightness of the steering) 34 10 
13 (Response characteristics) 22 9 
16 (Assistance characteristics) 43 8 
14 ("Play" in the steering) 29 8 
17 (Tendency to "oversteer") 25 8 
15 (Lack of steering 'feel') 22 8 
3 (Geometry of steering manoeuvres) 15 6 
6 (Steering ratio) 7 6 
5 (Return to straight ahead position) 7 3 
It would seem, for example, that the stability of the experi- 
mental car (category 7) was an important feature 
for many 
drivers. This confidence in the car's steering expressed by 
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subjects who noted that the steering was not affected by 
irregularities in the road, may be attributed to the 
hydraulic damping of disturbance inputs by the power assisted 
steering. When the front wheel of a manually steered car 
meets an irregularity in the road surface, (a pot-hole, for 
example) the wheel tends to be deflected. The effect on the 
driver depends upon the severity of this disturbance input, 
and may vary between a slight 'kick back' of the steering 
wheel in the driver's hands and the wheel being jerked from 
his grasp. In the case of the power steered vehicle, a dis- 
turbance input to the steering must displace the hydraulic 
fluid in the system before being transmitted to the steering 
wheel . The damping effect provided by power assisted steering 
can be quite high so that minor disturbance inputs go un- 
noticed and major inputs, which might otherwise cause the 
driver to temporarily lose control of the steering, are 
attenuated to more manageable levels. It seems likely, 
therefore, that it was the damping effect of the power assis- 
ted steering which gave rise to drivers' comments on the car's 
"stability" in category 7. 
The 'lightness' of power ass 
also drew many comments from 
favourable in the sense that 
and "effortless" . Similarly, 
responded to steering inputs 
mented on favourably by many 
isted steering (category 18) 
drivers, most of which were 
it made steering the car "easy" 
the speed with which the car 
(category 13), was also com- 
drivers. 
A feature of the experimental power steering system of which 
some drivers were aware was the change in the level of assis- 
tance provided by the system under different driving condi- 
tions (category 16). This may be attributed to the nature 
of the handwheel torque/system pressure curve shown in 
Figure 2 and described in the Introduction. Very often, 
drivers noted that the effort required to steer the experi- 
mental car was at its lowest level under conditions in which 
they would expect steering efforts to be highest, when 
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driving at low speeds for example, which corresponds to the 
almost vertical part of the assistance curve shown in 
Figure 2. It is highly likely that the tendency to "over- 
steer" noted by many drivers (category 17) followed as a 
direct consequence of this difference between expected 
steering efforts and those actually required. 
Whereas some drivers commented that there was a large amount 
of "play" in the test-vehicle's steering, others noted a lack 
of "play" (category 14) . By "play", subjects appeared to be 
referring to an area round the straight ahead position of the 
steering wheel in which they detected no response to movement. 
The fact that some drivers found a significant amount of 
"play" while others found none, suggests either that drivers 
differ in their sensitivity to "play", or that the perception 
of "play" was hightened by some of the experimental charact- 
eristics and minimized by others. It remains to be seen 
from the results of the main experiment which of these 
explanations appears to be the most satisfactory. 
The lack of steering 'feel', which it was argued in the 
Introduction is associated with power assisted steering was 
the subject of comment from some subjects (category 15). 
The majority of comments in this category were rather 
negative, in the sense that the force feedback character- 
istics of power assisted steering were compared unfavourably 
with those of manual steering. Again, the question of 
whether the design of the experimental power steering 
characteristics provides additional steering 'feel' as 
intended, remains to be answered by the results of the main 
study . 
References to the effects of power assisted steering on the 
geometry of drivers' manoeuvres (category 3) indicate subjects' 
awareness of a certain discontinuity in their performance of 
steering manoeuvres. It seems likely that drivers' diffi- 
culties in this respect are related to the tendency to "over- 
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steer" mentioned previously, with drivers having to make 
corrective steering adjustments during manoeuvres as a con- 
sequence of "oversteerinq". 
Whilst drivers were invited to comment on the 
steering ratio (category 6) the majority were 
whether the ratio was high or low, or whether 
as that of their own cars. It would seem, th 
steering ratio was not a particularly salient 
experimental car for most drivers. 
test vehicle's 
unable to say 
it was the same 
erefore, that the 
feature of the 
The slow return of the steering to the straight ahead position 
noted by some drivers (category 5) is also attributable to the 
damping effects of power steering referred to previously. If 
the self-aligning torques generated at the front wheels of a 
car are thought of as a disturbance input which tends to 
'deflect' the wheels towards the straight ahead position, the 
same hydraulic damping associated with power steering which 
attenuates the effects of other disturbance inputs will also 
prevent the steering wheel from returning forcefully to the 
straight ahead position due to the damping of self-aligning 
torques. The tendency for the steering wheel of a manually 
steered vehicle to 'spin back' through the driver's hands 
after making a turn is much less noticeable in a power steered 
vehicle, therefore, and it is this characteristic to which 
drivers' comments appear to have been directed. 
In discussing the results of the pilot study, only those 
categories which relate directly to the steering character- 
istics of the experimental car have so far been mentioned. 
Of the remaining twelve categories of drivers' comments, two, 
categories nineteen and twenty, contain general references 
to the layout of the car and to the driving task which are 
of little relevance to the purposes of the study. Categories 
nineteen and twenty were not considered to be of use, therefore, 
in the construction of an assessment questionnaire. 
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Those categories which contain comments on other, non-steering 
aspects of the car, for example driving speed ( category 12) , 
were felt to be of importance, however, since these might be 
expected to vary with the type of experimental steering 
characteristic in use. It was, therefore, decided to use 
categories 1,2,4,8,9,10,11 and 12 in the generation of 
items for the assessment questionnaire. A full description 
of the development of the assessment questionnaire is given 
in a later section. 
2.6 CONCLUSIO'1S 
The purpose of the pilot study was to identify those concepts 
which ordinary drivers would use to describe their reactions 
to power assisted steering, so that a meaningful assessment 
questionnaire could be developed for use in the evaluation 
of the Cam Gears experimental power assisted steering 
system. 
The results of the pilot study confirm that drivers experience 
difficulty in adapting to the force feedback characteristics 
of power assisted steering, and that they are aware of a lack 
of steering 'feel' in comparison with manual steering systems. 
The results also indicate that ordinary drivers have a range 
of concepts at their disposal with which to describe the 
salient features of power assisted steering. 
It was found that drivers' comments could be sorted into one 
of twenty different categories, ten of which were directly 
related to steering characteristics, eight of which reflected 
various other aspects of drivers' reactions to the experimental 
car, and two of which were unrelated either to the steering 
or to other relevant features of the experimental car. 
It 
was decided to use the steering and non-steering categories, 
that is, categories 1 to 18 inclusive in the generation of 
items for the assessment questionnaire. 
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3 DEVELOPMENT OF THE ASSESSMENT QUESTIONNAIRE 
3.1 3ASIC REQUIREMENTS 
It may be recalled from an earlier section, in which a number 
of methodological issues relevant to the main study were con- 
sidered, that subjects were to evaluate the experimental 
steering characteristics in two stages. The first of these 
involved driving over the experimental route on a 'familiar- 
ization' run using the standard power assisted steering, and 
the second involved driving over the same route using one or 
other of the experimental steering characteristics. Thus, in 
the first half of the experiment, subjects were to evaluate 
the standard power assisted steering whilst in the second half 
of the experiment, subjects were to evaluate the experimental 
steering characteristics. 
The implications of this testing procedure for the design of 
the assessment questionnaire were twofold. Firstly, it 
seemed reasonable to suppose that when subjects were asked 
to evaluate the standard power steering in the first half of 
the study, they would tend to compare the experimental car's 
steering with that of their own car. Similarly, when asked 
to evaluate one or other of the experimental characteristics 
in the second half of the experiment, it seemed likely that 
subjects would compare the experimental characteristic with 
the standard power assisted steering they had previously 
used. Indeed, it was the intention of the experimenter 
that subjects should be encouraged to make such comparisons 
so that the baseline against which evaluations were made 
would be known. Consequently, a basic requirement of the 
items contained in the assessment questionnaire was that 
they should be phrased in such a way as to make clear to the 
subject that he was being asked to make a comparison between 
steering systems rather than evaluating the test vehicle's 
steering on an absolute basis. 
Secondly, since subjects were effectively making a separate 
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evaluation of both the standard power assisted steering and 
the experimental systems, two versions of the assessment 
questionnaire would be required. Furthermore, in order to 
acquaint subjects with the content of the assessment question- 
naire prior to the 'familiarization' run, it was decided that 
a third, practice, version of the questionnaire was also 
required. 
Questionnaire items would need to be constructed in such a 
way, therefore, that only minor changes to their format would 
be necessary to provide a 'practice' version, a version for 
the assessment of the standard power steering system and a 
version suitable for the evaluation of the experimental 
steering characteristics. 
In accordance with these basic requirements, three forms of 
an assessment questionnaire were developed for use in the 
main study. In form 'A', the practice version of the question- 
naire, subjects were asked to compare their present car with a 
previous car in terms of the items presented. In form ' B' , to 
be administered after the 'familiarization' part of the 
experiment, subjects were asked to compare the standard power 
assisted steering with that of their own car. In form 'C' of 
the questionnaire, to be administered after the second road- 
run, subjects were asked to compare the experimental steering 
characteristic with the standard power steering on the same 
items included in forms 'A' and W. The way in which the 
items used in the questionnaire were generated is described 
in the following paragraphs. 
3.2 GENERATING ITEMS FROM THE PILOT STUDY CATEGORIES 
As noted previously, categories 1 to 18 inclusive of the 
pilot study comments were to be used to qenerate items 
for 
the assessment questionnaire. 
The experimenter began by taking each of the 
18 categories 
in turn and writing a description of 
its contents in which 
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the keywords and central concepts were emphasized. These 
were then used as a basis on which to construct a question, 
or a number of questions relating to that category. For 
example, category 7 contained a number of comments concerning 
the stability of the test-vehicle. Comments indicated that 
the test-vehicle was relatively immune to the effects of 
disturbance inputs, and that this gave drivers confidence in 
the steering. Consequently, two items were devised for the 
questionnaire on the basis of category 7 comments, the first 
asked drivers how easy they found it to keep the car 'on 
course' over uneven road surfaces, the second asked drivers 
to rate their confidence in the steering. In accordance with 
the decision to phrase each item in the form of a comparison, 
these items appeared in the final questionnaire as shown in 
Appendix B (items 22 and 19 respectively). 
In some cases, further items were generated when it was felt 
that the known design features of the experimental power 
steering system were especially relevant to a particular 
category. For example, comments in category 18 made refer- 
ence to the "lightness" of the test-vehicle's steering. 
Since it was known that one of the experimental character- 
istics was designed to become 'heavier' at speed (the Speed 
Proportional Feel characteristic), it was decided to generate 
a number of items to cover the "lightness" dimension. Thus, 
subjects were asked how light was the vehicle's steering at 
low and at moderate to high speeds, (items 21 and 31 respect- 
ively). Bearing in mind that another of the experimental 
characteristics, the Conventional Reaction characteristic, 
was designed to approximate manual steering efforts, it was 
thought possible that such a system might be considered too 
heavy by drivers. Consequently, further items asked subjects 
whether the vehicle's steering was too heavy or too light 
under different driving conditions(items 18 and 
32). 
In generating questionnaire items from the eighteen categories 
of pilot study comments, therefore, an attempt was made 
to 
79 
represent the nuances of meaning contained in those comments, 
and in addition, to ensure that individual items reflected 
the known design features of the experimental power assisted 
steering system to be evaluated. 
3.3 GENERATION OF ADDITIONAL QUESTIONNAIRE ITEMS 
Of the seventy one* items subsequently included in the assess- 
ment questionnaire, sixty were generated on the basis of the 
pilot study categories as described above. The remaining 
eleven items were included by the experimenter to reflect 
his own interest in the possible effects of the experimental 
power steering characteristics on other aspects of drivers' 
behaviour. 
The additional items were mainly concerned with the driver's 
willingness to manoeuvre the experimental car under a variety 
of traffic conditions. For example, two of the items, 43 
and 50, refer to the driver's willingness to enter smaller 
gaps in the traffic when driving the experimental car. 
Similarly, items 24and25 areconcerned with the time taken by 
drivers to negotiate mini-roundabouts. By providing sub- 
jects with specific examples of common manoeuvres in these 
additional items, it was hoped to elicit further information 
on the behavioural consequences of the experimental steering 
characteristics. 
Since so little work has been done on drivers' reactions to 
vehicle steering characteristics, and there is, therefore, 
little information to indicate the sort of questionnaire item 
which might prove useful in a study of this type, the experi- 
menter felt justified in adding items which had not been 
generated by the pilot study but which he considered to be 
of relevance. 
*In the three forms of the questionnaire shown in Appendix 
B, the items are numbered from 1 to 69. Item 57, however, 
comprises three parts, hence the total of 71 items. 
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3.4 QUESTIONNAIRE LAYOUT 
The order in which items were presented in the assessment 
questionnaire was 'scrambled' so that similar items did not 
appear in close proximity. This was done in order to mini- 
mize the possihle effects of previous responses on subsequent 
ones. 
In general, a five point rating scale was given under each 
item, with each of the points labelled by an appropriate 
adjective. Thus, an item which asked drivers how quickly 
the test-vehicle responded to the steering in comparison 
with their own car ( item 2, form ' B') offered the following 
categories of response: "much more quickly", "more quickly", 
"no more quickly", "more slowly" and "much more slowly" 
Items 7 and 57 of the questionnaire, which were concerned 
with uni-polar rather than bi-polar dimensions, were given 
a three point rating scale since it was felt that this 
would provide sufficient information on subjects' responses 
to these items. 
All verbal descriptions associated with the rating scales 
which implied increased quantities of a dimension ("more", 
"greater") were placed to the left of the rating scale, and 
those items implying decreased quantities of a dimension 
("less", "fewer") were placed to the right. This procedure 
is recommended by Guildford (1954) in order to help the 
respondant by standardizing the format of items. At the 
same time, however, in order to counteract the effects of 
response bias, care was taken to ensure that those items 
asking for value judgements, for example, ratings from 
"difficult" to "easy", were not always arranged with the 
'good' dimension at one side and the 'bad' dimension at 
the other. 
Finally, copies of form ' A' of the questionnaire were given 
to five members of the School's workshop staff who completed 
the questionnaires in the presence of 
the experimenter. The 
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purpose of this exercise was to ensure that all questionnaire 
items were comprehensible, and that no other difficulties 
were experienced by res pond ants. A number of minor alter- 
ations to the wording of some items was found to be necessary 
as a result of this procedure, and these were incorporated in 
the final versions of all three questionnaires. 
/ 
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4 THE EVALUATION STUDY 
It will be recalled from the Introduction, that the primary 
purpose of the present work was to evaluate the Cam Gears 
experimental multi-characteristic power assisted steering 
system in order to specify the 'optimal' characteristic for 
use in future production systems. The only constraint placed 
upon this evaluation by the project's sponsors was that it 
should involve a relatively large sample of ordinary drivers 
of both sexes. 
The evaluation study was designed and implemented with the 
latter requirement in mind, therefore, and in accordance 
with the methodological considerations outlined in section 
1.8. 
4.1 SUBJECTS 
Subjects for the evaluation study were 50 male and 50 female 
volunteers who were each paid £3.00 to take part. Subjects 
were licenced drivers drawn from Institute departments 
(other than the School of Automotive Studies), from the 
general population in the vicinity of the Institute, and 
from the student population of a local teachers' training 
college. No subject who had taken part in the pilot study 
was allowed to participate in the evaluation study. 
The median age of male subjects was 29.4 years, with a range 
of 19 to 60 years. The median age of female subjects was 
29.3 years, with a range of 19 to 58 years. dale subjects 
had been driving for a median of 11.4 years (range 1.5 to 
40 years), and estimated that they drove a median of 18,300 
Kin annually (range 6,000 to 90,000 Km). Female subjects 
had been driving for a median of 11.2 years (range 1 to 40 
years), and estimated that they drove a median of 18,000 Km 
annually (range 2,000 to 64,000 Km). Subjects' estimates 
of their prior experience with power assisted steering 
indicated that approximately half of the male and female 
groups had previously driven cars with power steering. 
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Further details of subjects' age, driving experience, and 
their familiarity with automatic transmission and power 
assisted steering are contained in Appendix C. 
4 .2 EXPERIMENTAL EQUIPMENT 
4.2.1 TEST VEHICLE 
The vehicle used for the evaluation study was the same as 
that used in the pilot study, a 1977 Ford Granada Shia. 
For the purposes of the present study, however, the vehicle 
was modified in a number of ways as indicated in the 
following paraqraphs. 
4.2.2 IULTI-CHARACTERISTIC POWER ASSISTED STEERING, SYSTEM 
A detailed description of the Cam Gears experimental multi- 
characteristic power assisted steering system was given in 
section 1.5.3. This system, which was also used in the 
pilot study, differed considerably from the Granada's standard 
equipment in that a modified torsion bar and two auxi lli ary 
hydraulic pumps were employed to provide the following arti- 
ficial 'feel' characteristics: 
1. Fitted Load Spring Heavy. In this condition, hydraulic 
fluid at a constant pressure of approximately 1.4 11pa 
was fed to the modified torsion bar from an electri- 
cally driven pump to inhibit the normal operation of 
the power assisted steering throughout its range. 
The effect was to increase considerably the steering 
efforts required of the driver under all conditions. 
2. Fitted Load Spring Light. As in the previous con- 
dition, hydraulic fluid at a constant pressure was 
fed to the modified torsion bar from the electrically 
driven pump, but at a reduced level of 0.7 Itpa . The 
effect was to increase the steering efforts in compari- 
son to the standard power assisted steering, but to a 
lesser extent than in the Load Spring Heavy condition. 
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Speed Proportional Feel, In this condition, steering 
'feel' was varied by progressively inhibiting the 
operation of the power assisted steering as vehicle 
speed increased. This-was accomplished by directing 
hydraulic fluid to the modified torsion bar from a 
transmission-driven pump. The effect was to provide 
the driver with normal power assisted steering at 
parking speeds but with an increased resistance to 
turning the steering wheel at higher speeds. 
4. Conventional Reaction. In this condition, steering 
'feel' was varied by inhibiting the operation of the 
power steering in relation to the hydraulic pressure 
raised in the steering rack. This was achieved by 
directing hydraulic fluid from the steering rack to 
the modified torsion bar via a reducing valve. The 
effect was to simulate the force feedback character- 
istics of manual steering, with the highest steering 
wheel loads occuring at parking speeds. 
5. Standard Power Assistance. In this condition,, no 
artificial 'feel' was provided by the system so that 
the steering behaved in. the same way as that of the 
standard Granada. 
As mentioned previously, the installation of the Cam Gears 
multi-characteristic rack in the experimental car was com- 
pletely unobtrusive, and no visual evidence of any modifi- 
cation to the car's steering system was apparent to the 
driver. Furthermore, the switches by which the experimenter 
selected one or other of the experimental steering character- 
istics were mounted inside the passenger's glove compartment 
and were, therefore, invisible when the compartment lid was 
closed. The position of these switches is shown in Figure I 
of Appendix D. 
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4.2.3 RECORDING EQUIPHENT AND DISPLAYS 
Two electronic display units were attached to the passenger 
side of the test-vehicle's dashboard, one above the other, 
as shown in Figure 1 of Appendix D. Both units incorporated 
a light emitting diode (LED) display, on which three digits 
could be presented in each of two 'windows', a display 
on/off switch and a display reset switch. The units were 
powered from the car's 12 v electrical circuit. 
The uppermost unit was connected to a multi-turn potentio- 
meter, fitted to the steering column, which recorded the 
number of wheel reversals made by the driver. Each time 
the steering wheel was moved back and forth through . 044 rad 
or . 244 rad, the unit recorded a "1" in the left hand window 
("fine steer") or the right hand window ("coarse steer") 
respectively. This electronic display unit replaced a mech- 
anical one which had been used previously to record steering 
reversals, but which was found to make an audible 'click' 
each time a reversal was counted, and which had the further 
disadvantage that its display could not be 'switched off'. 
The display of the electronic reversals counter was normally 
turned off, so that the driver would not be distracted by 
it, and was switched on only when the experimenter wished 
to read the display. 
The lower of the two displays mounted on the test-vehicle' s 
dashboard, in addition to its two-window LED display, also 
incorporated an array of four white lights. These were 
arranged in a horizontal line below the display and were 
numbered 1 to 4 from left to right. Connected to the unit, 
and placed on the floor of the car on the passenger's side, 
was a footswitch which, when depressed by the experimenter, 
caused one of the numbered lights to he illuminated. The 
sequence in which the lights were illuminated when activated 
by the foot switch was randomized within the unit. The 
purpose of this second display was to provide a subsidiary 
task for subjects during the test-track session 
in which 
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they were required to monitor the display and to call out 
the number of the liqht which was currently illuminated. 
Each time the subject responded correctly, the experimenter 
pressed the foot switch so that the next in the random 
sequence of lights was generated, the unit automatically 
adding 1 to the recorded total of correct responses. Again, 
this display was normally turned off until the experimenter 
wished to read it, after which it was reset. 
To the left of these two displays was placed a HUER "Micro- 
split" electronic stopwatch (also shown in Figure 1 of 
Appendix D). The stopwatch, which was battery driven, 
incorporated an LED display which was activated only when 
the 'READ', 'STOP' or 'START' buttons was pressed. When 
its function switch was turned to the 'TAYLOR' mode of 
operation, the watch recorded elapsed time in hours, minutes, 
seconds and hundredths of a second. Having started the 
watch at the beginning of a run, the experimenter simply 
pressed the 'READ' button at desired intervals to obtain 
the elapsed time since the button was last pressed or since 
the run began. The watch displayed the time for six seconds 
and then automatically reset itself. 
The stopwatch was not permanently fixed to the test-vehicle's 
dashboard, but could be removed easily for use on the test- 
track by an external observer. 
4.2.4 SAFETY EQUIPMENT 
Whereas during the pilot study subjects were only required 
to drive the test-vehicle on public roads, it was proposed 
that subjects in the evaluation experiment would also carry 
out a number of driving manoeuvres on a specially prepared 
test-track. It was decided, therefore, to install a roll- 
over cage and a dual brake pedal to the car, and to provide 
crash helmets for use on the test-track. 
Initially, a full roll-over cage was fitted to the test- 
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vehicle. This was made of tubular steel and consisted of 
vertical supports at the A and 0 pillars of the car with 
horizontal members connectinq these at roof level fore and 
aft. Additionally, the members running fore and aft which 
connected the A and B pillar supports were extended rear- 
wards along the roof line and fixed to the rear parcel 
shelf . The cage was supplied and fitted by Aley Bars Ltd. 
of Cambridge. 
This full cage arrangement was found to be unsatisfactory, 
however, mainly because the clamps and bolts used to connect 
cross members with vertical supports represented a signifi- 
cant safety hazard in and of themselves, but also because 
the clamps used would act as hinges in the event of roll- 
over, offering little protection to the occupants. The 
cage was modified, therefore, by removing the front section, 
that is, the vertical supports and cross member at the 'A' 
pillar and the horizontal members joining the A and B pillars, 
and by replacing the remaining clamps and bolts with sockets 
and pins. The rear parcel shelf, which received the rearward 
extending members from the vertical supports at the 'B' 
pillar, was also reinforced by bolting sections of tube 
between it and the rear wheel arches directly beneath the 
mounting points of the roll cage rear members. The modified 
roll-over cage is shown in Figure 2 of Appendix D. 
Effectively, these modifications to the original installation 
produced a rear cage only, but this was felt to be adequate 
in the circumstances, and preferable to the hazards intro- 
duced by the design and installation of the complete cage. 
In the event of roll-over it was anticipated that the 
structure immediately behind the driver and passenger at 
the 'B' post would adequately support the roof. The rear- 
ward extending members, which were bolted to the rear parcel 
shelf and thence to the wheel arches of the car, would 
locate 
the 'BI post structure fore and aft, and also provide some 
support for the roof section at the rear. 
Although the roll 
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cage no longer extended into the front of the vehicle, it 
was felt that occupants restrained by seat belts would still 
be provided with a maximum amount of survival space by the 
structure immediately behind them, and the large bonnet of 
the car would itself help maintain the integrity of the 
front passenger compartment if the car overturned on a flat 
surface. An advantage of the half cage installation was 
that it was much less obtrusive than the full roll over 
cage. 
Another safety feature incorporated into the experimental 
vehicle was the installation of a dual control brake by 
He-man Dual Controls of Southampton. (A dual control clutch 
was unnecessary because the car had automatic transmission. ) 
Although the number of occasions on which the dual brake 
could be used to advantage was felt to be few, since braking 
is not always the most appropriate course of action in an 
emergency, it was felt to be a worthwhile addition especially 
on the test area where a simple reduction in speed, whilst 
not avoiding an accident, could greatly reduce its severity. 
Finally, both the subject and the experimenter were required 
to wear crash helmets on the test-track, and the windows of 
the test-vehicle were kept closed to minimize the possibility 
that an extended arm or leg would be crushed by the car in 
the event of a roll-over accident. Occupants of the test- 
vehicle wore seat belts at all times. 
4.3 METHOD 
As mentioned previously, the evaluation experiment was 
organized in two parts, a road drive and a test-track session, 
each of which was completed first with the standard power 
steering in use and then repeated with one of the ex peri - 
mental steering characteristics in use or, in the control 
condition, with the standard power steering again. The 
appropriate form of the assessment questionnaire was completed 
by the subject prior to the first road-run, after the first 
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road-run and after the second road-run. Each part of the 
experimental procedure is described in detail below. 
On arrival at the School of Automotive Studies, subjects 
were asked to sit in the rear of the experimental car and 
to provide answers to the questions on a specially prepared 
biographical data sheet (see Appendix E). Subjects were 
then told what they would be expected to do. They were told 
that the purpose of the experiment was to evaluate the 
experimental power steering system fitted to the test- 
vehicle, and that to do this, each subject would be required 
to drive the car on public roads and on a test-track in two 
separate experimental sessions. It was explained that they 
would also be asked to complete a questionnaire after each 
road drive, and that a practice version of this questionnaire 
would be administered prior to the experiment for subjects to 
become familiar with the nature of the questionnaire items. 
Subjects were normally given the practice questionnaire 
(form 'A' Appendix B) to fill in whilst being driven to the 
test area by the experimenter. 
Having arrived at the test area, and when the subject had 
completed the practice questionnaire, he was asked to 
transfer to the driving seat and the experimenter moved to 
the front passenger seat. When the subject had adjusted 
his seat and made himself comfortable, the experimenter 
explained the position and operation of the car's minor 
controls, that is, the direction indicators, horn, wipers, 
lights and so on. If the subject had not driven with auto- 
matic transmission before, its operation was explained to 
him . 
Subjects were then asked to check the adjustment of their 
driving mirrors and to put on their seat belts before being 
allowed to drive around the test area (but not on the test- 
track) for two or three minutes to familiarize themselves 
with the car and its controls. When the subject reported 
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feeling confident about driving on the road, he has directed 
to the test-area exit. 
Before joining the main road, the subject was told that the 
purpose of the first road-run was chiefly for him to become 
familiar with the standard power steering characteristics. 
The subject was reminded that he would be expected to com- 
plete a second questionnaire on his return from the road-run 
similar to the practice questionnaire he had already filled 
in. Subjects were instructed to drive "normally", and were 
advised that they were responsible for their behaviour on 
the road just as they were when driving their own cars, 
that is, they enjoyed no special priveleges because they 
were taking part in an experiment . 
As the subject pulled out onto the main road, the experi- 
menter switched on and reset the steering reversals counter, 
and started the electronic stop watch. 
The route covered by drivers was divided into eighteen sub- 
sections, as shown in the sketch map in Appendix F. 'At the 
end of each subsection, the experimenter recorded the number 
of fine and coarse steering wheel reversals and elapsed time 
on a previously prepared data sheet. In addition, a number 
of observational data were recorded on this sheet and these 
are described in Appendix G. The route was approximately 
50 kilometres in length, and took about 50 minutes to complete. 
Each section of the route depicted in Appendix F is described 
below . 
Section 1. The first section, from the test area to a small 
town 5.9 kilometres away, was over a class 'A' trunk road. 
Although a 96 k/h zone and fairly straight, drivers' average 
speeds were relatively low because of heavy vehicles nego- 
tiating a long steep hill at the end of the section. 
Section 2. The second section consisted of I kilometre of 
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town driving in heavy traffic. The road was winding and 
narrow. Parked vehicles, traffic lights and road works 
presented further hazards. This section was subject to a 
48 k/h speed limit. 
Section 3. Section three covered 1.6 kilometres of suburban 
roads. A 48 k/h speed limit was posted, but because this 
was a relatively wide, straight and lightly trafficked road, 
drivers tended to exceed this speed limit. 
Section 4. Section four was similar to section two, in that 
it consisted of town driving in a 48 k/h limit. It was 
generally less congested however, and was 1.3 kilometres 
in length. 
Section 5. Although section five was subject to a 96 k/h 
limit, it consisted of class 'A' rural roads and was relat- 
ively slow because of a number of sharp bends, and slow- 
moving heavy vehicles. This section was 1.9 kilometres 
long . 
Section 6. Section 6 comprised 1.0 kilometre of driving 
i 
through a small village subject to a 48 k/h speed limit. 
The road was relatively straight and wide. Although this 
section included both a school and light-controlled pedes- 
trian crossing, drivers tended to exceed the posted limit. 
Section 7. Section 7 was similar to the first section, 
being 2.7 kilometres of class 'A' trunk road, wide with 
several shallow curves and a 96 k/h limit. It was a fairly 
busy road with a large number of heavy vehicles going to 
and from the motorway . 
Section 8. This was a 10.4 kilometre stretch of the Ml 
motorway, between junctions 12 and 13. This particular 
section was three-lane, in good repair and relatively 
busy. 
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Section 9. Section nine was similar to sections 1 and 7, 
that is, a 96 k/h limit class 'A' trunk road. Like Section 
7, it also carried many heavy vehicles and contained several 
shallow curves. It was 5.4 kilometres long. 
Section 10. This section carried a 48 k/h speed limit and 
was a relatively short, 0.8 kilometre, section of town 
driving. Traffic was generally fairly light and free 
flowing . 
Section 11. This was a 64 k/h limit section in other re- 
spects very similar to Section 10, being 0.8 kilometres long. 
Traffic was even lighter over this section and drivers tended 
to exceed the speed limit. 
Section 12. Like sections 1,7 and 9, section 12 consisted 
of 96 k/h limit class 'A' trunk roads. This section was 
5.1 kilometres in length, contained several bends and 
carried many heavy vehicles. 
Section 13. This was a short, 0.6 kilometre section of 
suburban driving in a 48 k/h zone. The main feature of 
this section was a particularly awkward roundabout which 
drivers were required to negotiate. 
Section 14. Section fourteen consisted of 0.6 kilometres 
of ttown driving in a 48 k/h zone. Traffic was particularly 
congested at one junction in the section, which also con- 
tained two pedestrian crossings. 
Section 15. Section 15 was a straight, suburban section of 
1.0 kilometres, again in a 48 k/h zone. The road was wider 
here than on the previous section, and the traffic flowed 
more freely with the result that the speed limit was often 
exceeded. 
Section 16. Section 16 comprised 4.3 kilometres of town 
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driving, under a 48 k/h limit, and usually in congested 
traffic conditions. Since this part of the route was 
fairly demanding it was placed near the end of the road 
drive. 
Section 17. A suburban section of 1.3 kilometres in a 
48 k/h zone. Traffic tended to flow freely here and the 
road was straight and wide. Drivers tended to exceed the 
posted limit. 
Section 18. The final section was 3.5 kilometres of class 
'A' trunk road, with a 96k/h limit and was fairly busy. 
Although wide and well surfaced, shallow curves and a hill 
made overtaking hazardous. 
The test area served as the starting point and finishing 
point for the road run. When subjects returned from the 
first road drive, they parked the car adjacent to the 
observer's caravan on the test-area and were given form 
'B' of the assessment questionnaire. (Form 'B' required 
subjects to compare the standard power assisted steering 
to the steering of subjects' own cars. ) Subjects were given 
tea or coffee whilst they completed the assessment question- 
naire . 
A plan view of the test area and the layout of the test- 
track is shown in Figure 1 of Appendix H. Detailed drawings 
of the test-track manoeuvres are shown in Figures 2 to 5. 
The course itself was designed in such a way that it could 
be completed in both clockwise and counter-clockwise direc- 
tions. Although progress through the course was virtually 
continuous, five separate manoeuvres were involved. These 
were a 'lane-keeping' task, a 'roundabout' manoeuvre, a 
'lane-change' manoeuvre, a 'slalom' manoeuvre, and a 
' garage parking' manoeuvre. 
When subjects were ready to begin the test-track session, 
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they were instructed to drive to the starting point "A' 
shown in Figure 1 of Appendix H. They were then allowed 
to drive slowly round the course, in a clockwise direction 
while the experimenter explained what they were required 
to do. Subjects were told that their general instructions 
were to drive through the course as quickly as possible 
without hitting any of the traffic cones which were used 
to mark out the course. It was emphasised that driving 
accurately, that is, avoiding the cones, was more important 
than simply driving fast. 
Having negotiated the 'slalom' manoeuvre, the 'lane-change' 
manoeuvre was explained. Subjects were told that as they 
approach the 'Y' section, they would be instructed to go 
either left or right, but that the instruction would not be 
given until the car reached a line painted across the track 
approximately 10 metres from the intersection of the ' Y' . 
Subjects were therefore told to regulate their speed to 
give themselves enough time to respond to the left/rieht 
instruction. 
Since no other directions were necessary until the subject 
reached the 'garage parking' manoeuvre, the experimenter 
explained how the subsidiary task was to be performed while 
drivers completed the 'roundabout' and 'lane keeping' task. 
Their instructions were that they should respond to the sub- 
sidiary task only when they felt they had the time available. 
It was emphasised that the subsidiary task was indeed sub- 
sidiary to the primary task of driving quickly and accurately 
through the course. On those trials designated by the 
experimenter as subsidiary task trials, the subject was to 
monitor the light display described previously, and to call 
out the number of the light currently illuminated. Each 
time the subject responded, the experimenter pressed the foot 
switch and another light, or the same light, would be illum- 
inated. It was explained that the sequence in which the 
lights became illuminated was entirely random, so that, in 
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theory at least, the same i, q could be illuminated and 
extinguished each time. It was emphasised that the subject 
should respond to the subsidiary task at his own pace, and 
only when he felt he had time to do so. 
As he emerged from the 'lane-keeping' section of the track, 
the subject was instructed to drive straight ahead into the 
first 'garage', to stop the car as close as possible to the 
cones marking the end of the garage, and to reverse the car 
into the second garage which was placed at right angles to 
the first. The subject then drove forward, making a second 
right angle turn to bring him to point ' B' , the starting 
point for counter-clockwise trials. The experimenter checked 
to make sure the subject was wearing his seat belt and gave 
him an appropriately sized crash helmet .If the subject 
queried the need to wear a helmet, or was reluctant to do 
so, the experimenter explained that because the test was 
taking place on private ground, special insurance had been 
arranged and that the School of Automotive Studies, which 
was entirely responsible for his safety, wished to offer 
hirn the maximu m amount of protection in the event of "an 
accident. In addition to the subject and experimenter 
wearing seat belts and helmets during test-track trials, a 
second observer, equipped with a fire extinguisher, remained 
at the track-side in case of an accident. 
At the beginning of each test-track trial, the track-side 
observer, who also timed each trial and recorded the number 
of marker cones hit, signalled to the experimenter that he 
was ready. The subject was then told to begin the trial 
when he wished, and the track-side observer began timing 
the subject as soon as the car entered the course. Subse- 
quently, times for each section of the course were recorded 
as the car passed the appropriate markers set into the tops 
of the cones which delineated the course. The experimenter, 
who accompanied subjects in the car, recorded the number of 
fine and coarse steering reversals made on each section, and 
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the total number of subsidiary task responses made by the 
subject. 
Subjects completed eicht trials in each test-track session, 
four in one direction and four in the other. The subsidiary 
task was administered on trials 2,4,5 and 7, so that 
equal numbers of clockwise and counter-clockwise trials 
were carried out under subsidiary task and non-subsidiary 
task conditions. Brief pauses were made between trials, 
with the car at point A or point B, while the track-side 
observer replaced any cones which had been disturbed. At 
the start of each trial the subject was reminded of his 
instructions, and told whether or not he was to respond to 
the subsidiary task. 
At the end of the test-track session, the car was stopped 
and the experimenter and subject removed their crash helmets 
in preparation for the second road-run. The experimenter 
then made an adjustment to the switches located in the glove 
compartment in front of him in order to select the steering 
characteristic to which the subject had been allocated. In 
the case of subjects allocated to the control group, the 
switches were altered and then returned to their original 
positions, those appropriate to the standard power assisted 
steering. This was done to ensure that the experimental 
procedure was the same for all subjects. 
Before starting the second road-run, the subject was 
instructed to ask himself "does the car's steering feel any 
different this time? ". If the answer to this question was 
"Yes", he should then ask himself "in what ways does it 
feel different? ". As an aid to his comparison of the 
steering on the first and second road runs, it was suggested 
that the subject should try to remember how the steering 
behaved as he drove over various parts of the route on the 
first occasion and to compare this with its behaviour on 
the second road drive. The subject was reminded that he 
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would be required to complete another assessment question- 
naire on his return, and that this would contain essenti ally 
the same items as the two questionnaires he had filled in 
previously. The second road-run was then begun, the subject 
following the same route, and the experimenter recording the 
same information as on the first road-run. 
At the conclusion of the second road-run, the subject was 
given tea or coffee and asked to complete form ' C' of the 
assessment questionnaire. This required him to make a com- 
parison of the test-vehicle's steering on the second road- 
run with its steering on the first road-run. 
When the subject was ready, the second test-track session 
was commenced, and this followed the same procedure as the 
first except that the initial practice trial was omitted. 
Subjects were reminded of their instructions to drive as 
quickly and accurately as possible, and driving times, 
steering wheel reversals, number of cones hit and sub- 
sidiary task scores were recorded as before. 
Having completed the second test-track session, subjects 
were paid and then driven home by the experimenter. Any 
questions that subjects asked about the experiment were 
fully answered and subjects were thanked for taking part. 
Most subjects said that they had enjoyed participating and 
were willing to volunteer for future experiments. 
A total of 103 subjects took part in the experiment and 
complete data was obtained for 100 of these. The sessions 
involving the remaining three subjects were abandoned, in 
one case because the test-vehicle's rear windscreen was 
shattered during the test-track trials, and in two cases 
because of poor weather conditions. The analysis of data 
from the evaluation study is reported in the following 
sections. 
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4.4 RESULTS 
In the Introduction, the general approach to data gathering 
and analysis was outlined in three stages. The first stage 
included a pilot study to identify relevant verbal response 
variables for the subjective assessment questionnaire, and 
the selection of a number of perforuriance measures on an a 
priori basis and from previous work. The results of stage 
one were that large amounts of data from a variety of 
sources were provided for analysis in stages two and three. 
In stage two, it was proposed that factor analysis be used, 
primarily as a data reduction technique, to generate com- 
binations of the most important variables from stage one in 
the form of a relatively small number of factors. It was 
then proposed that discriminant analysis be employed in the 
third stage of the data analysis to differentiate between 
groups of subjects allocated to the five power steering 
systems on the basis of the factors derived in stage two. 
The results of the factor analyses and discriminant analyses 
are reported in detail below, and are prefaced by a brief 
description of these techniques. In addition, the results 
of a number of analyses of variance and covariance which 
were carried out on the test-track data, are also reported. 
The purpose of these latter analyses was to examine the 
effects of the subsidiary task on primary task performance 
and to assess the efficacy of the subsidiary task as a 
measure of 'spare mental capacity'. 
The raw data from the experiment, that is, subjects' bio- 
graphical data, their responses to Questionnaires 'B' and 
'C', the performance data from the two road-run and two 
test-track sessions, were placed onto a computer file for 
subsequent statistical analysis. A listing of this raw 
data file is available in the School of Automotive Studies 
Library. 
99 
4.4.1 INTRODUCTION TO FACTOR ANALYSIS 
Data from Questionnaire 'ET', Road-run I, and Test-track I 
were analysed, separately and together, using the statistical 
package for the Social Sciences (SPSS) subprogram "Factor" 
(Hie et al 1975). A similar procedure was adopted for the 
data from Questionnaire ' C' , Road-run 2 and Test-track 2. 
The two sets of data from the first and second parts of the 
experiment were analysed independently, since data from 
Questionnaire ' 13' , Road-run 1 and Test -track 1 were relevant 
to the evaluation of the standard power steering system, 
whilst data from Questionnnaire 'C', Road-run 2 and Test- 
track 2 were relevant to the evaluation of the experimental 
power steering systems. 
The particular version of SPSS used in the analysis was SPSS 
Mark 7. The package was run on a CDC 7600 series computer 
at the University of Manchester Regional Computer Centre 
which was accessed remotely. The SPSS subprogram "Factor" 
provides a number of factor analytic methods, and several 
options are available with each method. All the analyses 
reported here were of the PA1 type, and Varimax rotation was 
employed in each case to obtain an orthogonal final solution. 
Factoring method PA1 provides a principal components solution 
which has a number of advantages over other types of factor 
analysis. The model adopted by principal components analysis 
is a relatively simple one, in that it makes no assumptions 
about unique variance components of factors, but rather, 
derives each factor as an exact mathematical transformation 
of the original variables. Principal components also have 
the advantage of being orthogonal, or statistically unrelated, 
to each other. In addition, principal components analysis 
makes no particular assumptions about the nature of the 
variables used. 
The first principal component is defined as that linear com- 
bination of the original variables which accounts for more 
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of the total variance in the data than any other linear com- 
bination of the variables. The second principal component 
is defined as that linear combination of the original vari- 
ables which accounts for more of the remaining variance than 
any other linear combination, and which is orthogonal to 
the first principal component. Subsequent principal com- 
ponents are defined in a similar way, each accounting for as 
much of the remaining variance as possible, and each statis- 
tically unrelated to the others. In general, the same number 
of principal components will be extracted as there are vari- 
ables entering into the analysis. For a detailed discussion 
of principal components analysis, the reader is referred to 
Overall and Klett (1972), chapter 3. 
The initial factor solution provided by principal components 
analysis does not necessarily produce factors which are 
theoretically meaningful or conceptually simple. The initial 
solution seeks only to extract factors which account for the 
maximum amount of variance and which are orthogonal to each 
other. The relationships among the variables used to produce 
the initial factor solution are often better expressed after 
one or other method of rotation has been employed. In geo- 
metric terms, all methods of rotation attempt to re-locate 
factor axes in a multidimensional space so that a more 
parsimonious explanation of the relationship between clusters 
of variables and the factors becomes apparant. Whilst 
rotation of the factor axes alters the loadings of variables 
on the factors, it does not affect the relationships amongst 
the variables nor, if an orthogonal rotation is employed, 
does it affect the independence of factors. 
Varimax rotation seeks to provide a simpler, more meaningful 
final solution by simplifying the columns of the factor matrix, 
that is to say, by making the factor loading of each variable 
as close as possible to 1 or 0. In effect, Varimax rotation, 
as its name suggests, serves to maximize the variance of the 
factor loadings. It can be readily seen that, by giving each 
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variable a very high loading (close to 1) or a very low 
loading (close to 0), the task of interpreting a given 
factor is made easier. Furthermore, Varimax rotation also 
provides an orthogonal final solution, so that the rotated 
factors are statistically unrelated to one another. 
As mentioned above, it is possible to extract as many 
principal components as there are variables entering into 
the analysis. However, most of the variance in the original 
variables is usually accounted for by a relatively small 
number of principal components, and the number of principal 
components extracted by subprogram "Factor" can be limited 
by an appropriate control card. In all principal components 
analyses reported here, the number of factors extracted was 
limited to that sufficient to account for approximately 75% 
of the total variance. 
In order to interpret the meaning of each factor, only the 
highest loading variables were taken into account. Although 
principal components are defined in terms of a linear com- 
bination of all the variables, therefore, only those'variables 
having high loadings on a given factor were considered in its 
interpretation . To distinguish the factors interpreted in 
this way from the extracted principal components, interpreted 
factors were designated "NFactors". 
The loadings or weights used to define each "NFactor" were 
taken from the rotated factor matrix output by the SPSS 
program, these weights being the correlation coefficients 
between each variable and the respective principal component. 
By using the correlation coefficients to define NFactors, both 
the extent and direction of the relationship between each 
variable and a given factor is made clear. In addition, an 
index of the relative importance of each variable in defining 
a given factor is also provided by squaring the correlation 
coefficient, which then indicates the proportion of variance 
accounted for by that variable. 
102 
Having interpreted the f actors in terms of a subset of the 
highest loading variables, it was felt to be important to 
check the validity of these simplified HFactors. A series 
of Pearson Product Moment correlations was computed, there- 
fore, between the factor scores output by the SPSS program 
and based on weighted combinations of all the variables., 
and factor scores computed from the subset of variables and 
weights used to define the NFactors. The correlation co- 
efficients obtained are shown in Appendix I, and are generally 
very hicph, indicating that the simplified HFactors are a close 
approximation to the principal components extracted by the 
SPSS program. 
In the course of re-defining the principal components to 
provide simplified !; Factors, however, some loss of orthogon- 
ality occured. This is evident from the intercorrelations 
between the NFactors shown in Tables 1 to 6 of Appendix 3, 
some of which are moderately high. Since the main purpose 
of factor analysing the data was to provide composite vari- 
ables for subsequent discriminant analysis, however, and 
since discriminant analysis makes no assumptions concerning 
the independence of discriminant variables, this loss of 
orthogonality was not felt to be important. 
before the results of individual analyses are reported, a 
number of further points concerning the interpretation of 
IIFactors should be made. As noted above, the weights used 
to define the NFactors were the correlation coefficients 
between variables and factors given in the rotated factor 
matrix . When considering the meaning of a 
factor, there- 
fore, positively weighted variables may be thought of as 
having a positive relationship with the factor, and 
negatively weighted variables a negative relationship. 
Thus, if variables A and B are the two most highly weighted 
variables on a given factor, and A is positively weighted 
and d negatively weighted, the factor may be described as 
"A" and "not B" . 
Alternatively, where there are negatively 
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weicahted and positively weighted variables, it is possible 
to follow Overall and Klett ( 1972) and describe the factor 
as contrasting individuals who are "A" and individuals who 
are "ß" 
To some extent, the interpretation will depend upon the 
experimenter's interest. If he is interested in individual 
differences between subjects, he may be wise to adopt the 
'contrast' notion. Thus, Overall and Klett's analysis of 
psychiatric profiles contrasted those patients with one 
set of symptoms and those patients havinq another set of 
symptoms. If the experimenter's interest is in the nature 
of the factors themselves, however, and their ability to 
summarise the relationships between their component vari- 
ables, then he may opt for the former approach, where vari- 
ables are simply seen as positively or negatively correlated 
with a given factor. 
Since the factor analyses reported here were carried out to 
provide composite variables for a later series of discrimin- 
ant analyses, interpretations of the NFactors were made by 
adopting the 'correlation' approach. The interpretation of 
each NFactor is described below in terms of the contribution 
of the variables to a high positive score on that factor. 
Thus, if variable A is negatively weighted, then the factor 
is described in terms of "not A". For example, if the 
variable "Easy to get used to" is negatively weighted, a 
subject with a high positive score on the factor to which 
the variable relates must have responded "Difficult to get 
used to" on that item of the questionnaire, and "Difficult 
to get used to" appears in the description of that factor. 
The results of the six principal components analyses conducted 
on the data from Questionnaires '. 3' and ' C' , the first and 
second road-runs and first and second test-track sessions are 
reported in the following sections. A table containing the 
number of f actors or principal components extracted, the 
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amount of variance accounted for by each factor in the form 
of its eigenvalue, the amount of variance accounted for 
expressed as a percentage and expressed as a cumulative 
percentage, is given immediately prior to each set of 
results. 
4.4.2 FACTOR ANALYSIS A (ITEMS FROM QUESTIONNAIRE ' B' ) 
The variables included in the first factor analysis were the 
individual items from Questionnaire 'B', in which subjects 
were asked to compare the experimental car's steering with 
that of their own car after the first, familiarisation, road- 
run (see Appendix B). The means and standard deviations of 
subjects' scores on each item from Questionnaire B are given 
in Table 1 of Appendix M, and these indicate that, in general, 
scores were grouped around the middle or 'neutral' category on 
each item. On item 1, however, (for which a three point 
rating scale was used) the extremely high mean and small 
standard deviation indicate that almost all subjects found 
the standard power steering "very different" from that of 
their own car. 
Table 1, below, gives the eigenvalues and percent of variance 
accounted for by the twenty Factors derived in Factor Analysis A. 
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TABLE 1. Figenvalues, percent of variance arid cumulative 
percent of variance accounted for by the twenty 
factors derived in Factor Analysis A. Data are 
the items from (}uestionnaire B in which subjects 
compared the experimental car's steering with 
that of their own car. 
Factor Eigenva. lue 
% of Variance 
Accounted for 
Cum. % Variance 
Accounted for 
1 14.47 20.4 20.4 
2 3.99 5.6 26.0 
3 3.80 5.3 31.4 
4 3.12 4.4 35.7 
5 2.89 4.1 39.8 
6 2.71 3.8 43.6 
7 2.30 3.2 46.9 
8 2.14 3.0 49.9 
9 2.10 3.0 52.9 
10 1.95 2.7 55.6 
1.1 1.76 2.5 58.1 
12 1 . 64 2.3 
60.4 
13 1 . 45 2.0 
62.4 
14 1.39 2.0 64.4 
15 1.31 1.9 66.2 
16 1.29 1.8 68.0 
17 1.23 1.7 69.8 
18 1.21 1.7 71.5 
19 1.15 1.6 73.1 
20 1.10 1 .5 
74.6 
Each factor from Factor Analysis A is named, its highest- 
loading variables and their weiqhts listed, and an 
inter- 
pretation of the meaning of a high positive score on the 
factor is given below. 
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NFACTOR IA* "Difficult to position car and to judgge the 
amount of effort required, lack of confidence" 
The hirghest loading variables on the first factor were: 
Item 9 Difficulty in positioning the car, right 
angle turns + . 77 
Item il Difficulty in judging the amount of 
effort on right angle turns + . 76 
Item 5 Easy to get used to - . 71 
Item 45 Having to think about the steering + . 70 
Item 36 Difficulty in judging effort on sharp 
bends + . 69 
Item 20 Difficulty in positioning the car 
entering roundabouts + . 65 
Item 19 Degree of confidence in the steering - . 64 
Item 35 Difficulty positioning the car on 
bends + . 63 
Item 24 Time on mini-roundabouts + . 53 
Item 10 Tendency to oversteer + . 53 
Item 42 Difficulty positioning the car when 
changing lanes + . 43 
Item 44 Sudden changes in effort + . 42 
A high positive score on factor 1 indicates that the driver 
had difficulty in positioning the car, had difficulty in 
judging the amount of effort required to steer the car, 
found the steering difficult to get used to, did not feel 
confident in the steering and tended to oversteer. Factor 
1 is concerned with the difficulties experienced in man- 
oeuvring the car under normal urban driving conditions. 
*The postcripts A, B, C, D, E and F are used to identify the 
particular factor analysis from which a factor has come, and 
were adopted in order to remove the ambiguity which would 
otherwise occur in the reporting of the discriminant analyses 
in later sections, some of which were carried out on Factors 
from more than one factor analysis. 
107 
NFACTOR ? 
_A 
"Difficult to kee l) on course , difficult to 
control chang ing lanes at sp eed" 
The highest loading variables on factor two were: 
Item 54 Difficulty maintaining lane position at 
high speed + . 84 
Item 53 Difficulty maintaining lane po sition at 
moderate speed + . 82 
Item 52 Difficulty controlling the car changing 
lanes at high speed + . 75 
Item 29 Difficulty positioning the car on 
straight roads + . 70 
Item 51 Difficulty controlling the car changing 
lanes at moderate speeds + . 65 
Item 55 Having to make many correct ive move- 
ments + . 58 
Item 34 Confidence in the steering at high 
speeds - . 52 
Item 28 Easy to keep on course over un even 
roads - . 49 
Item 62 Control over the car - . 41 
Item 42 Difficulty positioning the car when 
changing lanes + . 41 
Item 30 Confidence at moderate spee ds - . 39 
A high positive score on factor 2 indicates that drivers 
found it difficult to keep the car on course at speed, had 
difficulty controlling the car during lane-change manoeuvres, 
had to make many corrective steering movements and lacked 
confidence in the steering at moderate speeds. Factor 2 
is concerned with problems experienced in ' open road' driving, 
especially at speed and when driving in a straight line. 
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HFACTOR 3A `Ni lling ness to manoeuvre the car in traffic" 
The highest loa ding variables on factor 3 were: 
Item 15 Willingness to squeeze past slow movi nq 
vehicles + . 81 
Item 43 Willingness to enter sm all gaps in the 
traffic + . 69 
Item 27 Willingness to 'nip in and out' around 
parked vehicles + . 58 
Item 25 Taking longer at mini-r oundabouts - . 55 
Item 16 Holding back in face of oncoming 
traffic 
- . 53 
Item 38 Driving faster through bends + . 49 
Item 17 Willingness to steer ar ound pedestrians + . 42 
Item 20 Difficulty positioning the car entering 
roundabouts - . 30 
Item 42 Difficulty positioning the car when 
changing lanes to pass parked vehicles - . 3U 
A high positive score on factor 3 indicates that drivers were 
willing to manoeuvre the car in traffic, were 'bolder' in 
their driving style and found it easy to position the car in 
traffic. 
(NFACTOR 4A "Driving faster, overtakinq more, easy to 
control the car changing lanes at speed" 
The highest loading variables on factor 4 were: 
Item 37 Driving faster on straight roads + . 62 
Item 60 Driving faster overall + . 82 
Item 40 Frequency of overtaking + . 76 
Item 38 Driving faster through bends + . 43 
Item 16 Holding back in f ace of oncoming traffic - . 41 
Item 41 Confidence when overtaking + . 32 
Item 61 Driving more smoothly + . 32 
Item 51 Difficulty changing lanes at moderate 
speeds - . 31 
Item 52 Difficulty changing lanes at high speeds - . 29 
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A high positive score on factor 4 indicates that drivers 
felt that they drove faster and overtook more frequently in 
the experimental car, had more confidence when overtaki nq 
and felt better able to control the car when chancaing lanes 
at speed on the motorway. 
NFACTOR 5A "Steering too light, lack of confidence" 
The highest loading variables on factor 5 were: 
Item 32 Steering too light at moderate to high 
speeds + . 79 
Item 64 Steering too light overall + . 78 
Item 34 Confidence in steering at high speeds - . 50 
Item 18 Steering too light at low speeds + . 49 
Item 19 Confidence in the steering - . 41 
Item 62 Control over the car - . 38 
Item 55 Corrective st eering movements + . 31 
Item 30 Confidence at moderate speeds - . 31 
Item 41 Confidence wh en overtaking - . 30 
A high positive score on factor 5 indicates that drivers felt 
that the steering was too light and that they did not f eel 
confident in the steering. 
NFACTOR 6A "Favourable reaction to the steering, having 
less to do" 
The highest loading variables on f actor 6 were: 
Item 7 Lightness of the steering at parking 
speeds + . 84 
Item 21 (As above, i tem duplicated in question- 
naire) + . 79 
Item 65 Lightness of the steering overall + . 74 
Item 31 Lightness of the steering at moderate 
speeds + . 32 
Item 59 Having less to do because of the brakes + . 34 
Item 57 Havincj less to do because of the steering + . 25 
Item 69 Willingness to park on opp osite side of road + . 26 
Item 63 Becoming mor e frustrated - . 26 
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A hicgh positive score on factor 6 irid icates that drivers 
found the steering light at parking speeds and light in 
general, but, in contrast to f actor 5, the steering was 
not found to be "too light". Drivers also found they had 
less to do, partly because of the steering, and became 
less frustrated, which suggests a more favourable reaction 
to the lightness of the steering than was found in factor 5. 
HHHFACTCR 7A "Sensitivity, responsiveness, good 'feel' " 
The highest loading variables on factor 7 were: 
Item 3 Sensitivity of the steering in the 
straight ahead position + . 84 
Item 2 Speed of response of the steering + . 80 
Item 8 Forcefulness of return to straight 
ahead position + . 50 
Item 31 Lightness of the steering at moderate 
to high speeds + . 41 
Item 49 Difficulty in telling how much grip 
between front wheels and the road - . 32 
Item 65 Lightness of the steering overall + . 24 
Item 6 Amount of play in the ste ering - . 2-4 
Item 10 Tendency to oversteer + . 24 
A high positive score on factor 7 indicates that drivers 
found the steering sensitive around the straight ahead posi - 
tion, found the steering responsive and with good 
'feel', 
and found that they tended to oversteer. 
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NFACTOFi bA "Having less to do because of the transmission 
and brakes" 
The highest loading variables on factor 6 were: 
Item 58 Having less to do because of the trans- 
mission + . 79 
Item 56 Having more to do - . 67 
Item 59 Having less to do because of the brakes + . 46 
Item 26 Difficulty in judging amount of effort 
at roundabouts - . 31 
Item 10 Tendency to oversteer + . 30 
Item 61 Driving more smoothly + . 29 
A high positive score on f actor 8 indicates that drivers 
found they had less to do in driving the experimental car 
because of the automatic transmission and power brakes, 
found it easy to judge the amount of effort required to 
steer the car and drove more smoothly. Factor 8 is con- 
cernedwith drivers' reactions to the car's transmission and 
brakes coupled with two less important steering variables. 
NFACTOR 9A "Heavier steering and more confidence at low 
speeds, difficult to judge effort on shar p turns" 
The highest loading variables on factor 9 were: 
Item 33 Effort greater when driving slowly 
than fast + . 76 
Item 47 Effort greater when cornering hard 
than when cornering gently + . 65 
Item 71 Hore confidence at low speeds than at 
high speeds + . 34 
Item 36 Difficulty in judging effort on sharp 
bends + . 32 
Item 39 Likelihood of crossing white line on 
bends + . 29 
Item 26 Difficulty in judging effort entering 
roundabouts + . 28 
Item 41 Confidence when overtaking - . 26 
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A high positive score on f actor 9 indicates that drivers 
found the steering too heavy at low speeds, had difficulty 
judging the amount of effort and positioning the car when 
making sharp turns, and felt more confident in the steering 
at low than at high speeds. 
NFACTOR 10A "Power of the car, less frustration, having 
more control" 
The highest loading variables on factor 10 were: 
Item 4 Power of own car by comparison with this 
car - . 73 
Item 63 More frustrated in this car - . 46 
Item 62 Having more control over the car + . 34 
Item 59 Having less to do because of the 
brakes + . 31 
Item 61 Able to drive more smoothly + . 30 
Item 67 Feeling more relaxed in the car + . 28 
Item 39 Likelihood of crossing white line on 
bends + . 27 
Item 45 Having to think about steering + . 24 
A high positive score on factor 10 indicates that drivers 
felt that the experimental car was more powerful than their 
own, that they were less frustrated in the experimental car 
and felt they had more control, had less to do because of 
the brakes, were able to drive more smoothly, felt more 
relaxed, were more likely to cross the white line on bends 
and had to think about the steering . Factor 10 is concerned 
with the driver's response to the power of the car rather 
than its steering characteristics. 
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NFACTOR 11A "More alert and anticipatory due to lack of 
'feel'" 
The highest loading variables on factor 11 were: 
Item 68 More alert in the experimental car + . 69 
Item 12 Moving out earlier to pass parked 
vehicles + . 65 
Item 17 More likely to steer around pedes- 
trians + . 42 
Item 49 Difficulty in telling how much grip 
between front wheels and the road + . 41 
Ote, 35 Difficulty positioning car on bends - . 26 
Item 28 Easy to keep car on course on uneven 
roads + . 23 
A high positive score on factor 11 indicates that drivers 
felt more alert, moved out earlier to pass parked vehicles, 
were more likely to steer around a pedestrian crossing the 
road, had difficulty in telling how much grip there was 
between the front wheels and the road, found it easy to 
position the car on bends and to keep on course over uneven 
roads. The increased alertness associated with factor 11 
appears to be related to anticipatory and cautious behaviour 
(items 12 and 17), and with the lack of steering 'feel' 
(item 49). The implication is that drivers' increased 
alertness was a response to the car's steering character- 
istics. 
NFACTOR 12A "Driving more safely, more preci sely, and 
feeling more relaxed and confide nt" 
The highest loading variables on factor 12 were: 
Item 70 Driving more safely 
Item 39 Likelihood of crossing the white line 
on bends 
Item 67 Feeling more relaxed in the car 
Item 30 Confidence at moderate speeds 
Item 55 More corrective steering movements 
Item 69 Willingness to park on other side of road 
Item 34 Confidence at high speeds 
+ . 78 
- . 49 
+ . 32 
+ . 28 
- . 27 
+ . 26 
+ . 25 
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A high positive score on factor 12 indicates that drivers 
felt that they were driving more safely in the experimental 
car, were more relaxed and confident at speed, were less 
likely to cross the white line on bends, needed to make 
fewer corrective steering movements and were more willing 
to park on the other side of the road. The inclusion of 
items 39,69 and 55 suggest that driving 'more safely' is 
associated with an ability to steer accurately and pre- 
cisely in subjects' minds. 
NFACTOR 13A "Willingness to enter small gaps in traffic 
on the Ml and in town, difficult to keep on 
course over straight roads" 
The highest loading variables on factor 13 were: 
Item 50 Willingness to accept small gaps when 
changing lanes on the Ml + . 69 
Item 69 Willingness to park on other side of 
road + . 60 
Item 43 Likelihood of entering small gaps in 
traffic + . 39 
Item 29 Willingness to 'nip in and o ut' ar ound 
parked vehicles + . 34 
Item 28 Easy to keep on course over uneven roads - . 28 
Item 12 Tendency to move out earlier when 
passing parked vehicles - . 27 
Item 52 Difficult to change lanes at high speed 
on the M1 - . 22 
A high positive score on factor 13 indicates that drivers 
were willing to accept smaller gaps in traffic, found it 
easier to manoeuvre the car, but difficult to position the 
car on straight roads and to keep on course over uneven 
roads. Factor 13 contrasts drivers' willingness to manoeuvre 
the car laterally (which was also noted in f actor 
3), with 
their difficulty in controlling the car longitudinally 
(which was absent in factor 3) . 
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NFACTOR 14A "Returning to own lane earlier, less play 
in steerinq" 
The highest loading variables on factor 14 were: 
Item 14 Returning to lane earlier after passing 
parked vehicle + . 74 
Item 6 Play In steering 50 
Item 30 Confidence in steering at moderate speeds + . 32 
Item 8 Forcefulness of return to straight ahead - . 28 
Item 59 Less to do because of the brakes + . 27 
Item 67 More relaxed in the car + . 24 
Item 18 Steering too light at low speeds + . 24 
A high positive score on f actor 14 indicates that drivers 
tended to return to their lane earlier having passed a 
parked vehicle, felt that there was less play in the steering, 
were more confident at moderate speeds, found the steering too 
light at low speeds but were more relaxed in the experimental 
car than when driving their own cars . 
NFACTOR 15A "Aggressive driving, cutting corners" 
The highest loading variables on factor 15 were: 
Item 46 Cutting corners, major to minor roads 
Item 66 Driving more aggressively 
Item 49 Difficult to tell how much grip be- 
tween front wheels and the road 
Item 26 Difficult to judge effort at rounda- 
bouts 
Item 27 Willingness to 'nip in and out' around 
parked vehic les 
Item 57 Having less to do because of the 
steering 
+ . 65 
+ . 63 
- . 39 
+ . 31 
+ . 23 
+ . 23 
A high positive score on factor 15 indicates that drivers 
tended to drive more aggressively, tended to cut corners, 
were willing to ' nip in and out' around parked vehicles, 
found it easy to tell how much grip there was between the 
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front wheels and the road, but found it difficult to judge 
the amount of effort required to steer the car when entering 
roundabouts. 
NFACTOR 16A "Unable to steer accurately at low speeds, 
more likely to steer around pedestrians" 
The highest loading variables on factor 16 were: 
Item 22 Likely to form second queue at traffic 
lights - . 59 
Item 44 More sudden changes i n effort required + . 43 
Item 17 More likely to steer around pedestrians + . 39 
Item 61 Able to drive more smoothly - . 39 
Item 18 Steering too light at low speeds + . 28 
Item 71 More confident at low speeds than high 
speeds - . 26 
Item 49 Difficult to tell how much grip between 
the front wheels and the road + . 24 
A high score on factor 16 indicates that drivers were unable 
to steer accurately at low speeds, finding the steering too 
light, and felt more confident at high speeds than at low 
speeds. Drivers were, however, more likely to steer around 
a pedestrian crossing the road than to stop for him. 
NFACTOR 17A "Holding back, lightness of the steering" 
The highest loading variables on factor 17 were: 
Item 23 Willingness to wait one's turn at mini- 
roundabouts + . 76 
Item 31 Lightness of the steering at moderate 
to high speeds + . 47 
Item 42 Difficulty positioning the car changing 
lanes - . 31 
Item 16 Tendency to hold back + . 26 
Item 65 Lightness of steering overall + . 24 
A high positive score on factor 17 indicates that 
drivers 
tended to hold back in tight traffic situations and found 
the steering relatively light. 
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NFACTOR 18A "Difficult to judg e the straight ahead 
position, driving less a ggressively" 
The highest loading variables on factor 18 were: 
Item 48 Difficult to tell when the wheels are 
straight ahead + . 72 
Item 38 Speed through bends + . 31 
Item 66 Driving less aggressively _ . 28 
Item 41 Confidence when overtaking . 26 
Item 65 Difficult to judge effort entering 
roundabout + . 26 
A high positive score on factor 18 indicates that drivers 
found it difficult to tell when the wheels were straight 
ahead, drove faster through bends than they would in their 
own cars, but felt that they drove less aggressively and 
were less confident when overtaking. 
NFACTOR 19A "Passing closer to parked vehicles, play in 
the steering" 
The highest loading variables on factor 19 were: 
Item 13 Passing closer alongside parked 
vehicles + . 80 
Item 6 Play in the steering + . 39 
Item 66 Driving aggressively - . 32 
Item 71 More confidence at low than at high 
speeds + . 22 
Item 57 Having less to do because of the 
steering + . 20 
A high positive score on factor 19 indicates that drivers 
felt that they passed closer alongside parked vehicles, 
felt that there was more play in the steering, drove less 
aggressively and were more confident at low than high 
speeds. 
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NFACTOR 20A "Steering different from own car, having less 
to do" 
The highest loading variables on factor 20 were: 
Item 1 Difference in steering compared with 
own car + . 80 
Item 57 Having less to do because of the 
steering + . 45 
Item 8 Forcefulness of return to straight 
ahead + . 27 
Item 6 Play in steering + . 21 
A high positive score on factor 20 indicates that drivers 
found the steering different from that on their own cars 
and found that they had less to do when driving the experi- 
mental car. 
4.4.3 FACTOR ANALYSIS B (VARIABLES FROM ROAD-RUN 1) 
The variables included in Factor Analysis B were the time, 
number of fine steering reversals and number of coarse 
steering reversals recorded on each of the eighteen sections 
of the route, (see Appendix K). The means and standard 
deviations of these variables are given in Table 2 of 
Appendix M, where it can be seen that the 'fine steering 
reversals' variable was associated with relatively more 
variability than the 'coarse steering reversals' and 'time' 
variables. This is reflected in the fact that the first 
factor reported below which, by definition, accounts for a 
larger percentage of the total variance than subsequent 
factors, is exclusively related to the number of fine 
steering reversals made on each section of the route. 
The eigenvalues and percent of variance accounted for by 
the first sixteen factors from this analysis are given in 
Table 2 below. 
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TABLE 2 Eigenvalues, percent of variance and cumulative 
percent of variance accounted for by the first 
sixteen factors derived in Factor Analysis B. 
Data are the variables from Road-run 1. 
Factor Eigenvalue 
% of Variance 
Accounted for 
Cum. % Variance 
Accounted for 
1 14.24 26.4 26.4 
2 3.92 7 .3 33.6 
3 2.82 5.2 38.9 
4 2.67 4.9 43.8 
5 2.28 4.2 48.0 
6 2.14 4.0 53.0 
7 1 . 88 3.5 55 .5 
8 1.82 3.4 58.9 
9 1 . 79 3.3 62.2 
10 1.49 2.7 64.8 
11 1.41 2.6 67.5 
12 1.33 2.5 69.9 
13 1.21 2.2 72.2, 
14 1.18 2.2 74.4 
15 1.12 2.1 76.4 
16 1.03 1.9 78.3 
Each factor from Factor Analysis B is named, its component 
variables and their weights listed, and an interpretation 
of a high positive score on that factor is given below. 
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NFACTOR 1B "Fine steering reversals" 
The highest loading variables on f actor 1 were: 
Variable 2 Fine steer, test area to Ampthill + . 86 
Variable 5 Fine steer, Ampthill + . 54 
Variable 8 Fine steer, Ampthill to Flitwick + . 76 
Variable 11 Fine steer, Flitwick + . 79 
Variable 14 Fine steer, Flitwick to Westoning + . 82 
Variable 17 Fine steer, Westoning + . 71 
Variable 20 Fine steer, Westoning to the M1 + . 87 
Variable 23 Fine steer, M1 + . 84 
Variable 26 Fine steer, Ml to Marston + . 90 
Variable 29 Fine steer, Marston + . 73 
Variable 32 Fine steer, Marston suburban + . 85 
Variable 35 Fine steer, Marston to Kempston + . 91 
Variable 38 Fine steer, Kempston roundabout + . 79 
Variable 41 Fine steer, Kempston + . 63 
Variable 47 Fine steer, Bedford + . 83 
Variable 52 Fine steer, Bedford Ampthill Road + . 81 
Variable 53 Fine steer, Bedford to test area + . 82 
A high positive score on f actor 1 indicates that drivers 
made many fine steering reversals on all sections of the 
route. 
NFACTOR 2B "Coarse steer, suburban and trunk roads" 
The highest loading variables on factor 2 were: 
Variable 45 Coarse steer, Kempston to Bedford + . 61 
Variable 54 Coarse steer, Bedford to Test Area + . 59 
Variable 36 Coarse steer, Marston to Kempston + . 57 
Variable 21 Coarse steer, Westoning t o Ml + . 57 
Variable 15 Coarse steer, Flitwick to Westoning + . 54 
Variable 9 Coarse steer, Ampthill to Flitwick + . 30 
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A high positive score on factor 2 indicates that drivers 
made many coarse steering reversals on suburban and trunk 
roads. An important feature of factor 2 is the absence of 
coarse steering reversals on urban and motorway sections 
of the route. 
NFACTOR 3B "Coarse steer and time on Ml and Test Area to 
AmpthiIl" 
The highest loading variables on factor 3 were: 
Variable 24 Coarse steer, Ml + . 87 
Variable 9 Coarse steer, Ampthill to Flitwick + . 49 
Variable 22 Time, Ml + . 34 
Variable 3 Coarse steer, Test Area to Ampthill + . 34 
Variable 39 Coarse steer, Kempston roundabout + . 32 
Variable 1 Time, Test Area to Ampthill + . 31 
A high positive score on factor 3 indicates that drivers 
made many coarse steering reversals and drove more slowly 
on the M1, made many coarse steering reversals from Ampthill 
to Flitwick and in Kempston, and made many coarse steering 
reversals and drove more slowly from the Test Area to 
Ampthill. 
NFACTOR 4B "Steering reversals Kempston" 
The highest loading variables on factor 4 were: 
Variable 42 Coarse steer, Kempston urban + . 79 
Variable 41 Fine steer, Kempston urban + . 52 
Variable 39 Coarse steer, Kempston roundabout + . 50 
Variable 51 Coarse steer, Bedford Ampthill Road + . 36 
Variable 27 Coarse steer, M1 to Marston + . 26 
A high positive score on f actor 4 indicates that drivers made 
many steering reversals in Kempston and many coarse steering 
reversals in Bedford Am pthill Road and from the M1 to Marston . 
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The most important variables were coarse and fine steering 
reversals in Kempston. This section included an awkwardly 
shaped roundabout, a particularly difficult intersection, 
a pedestrian crossing and heavy traffic in a 48 k/h restric- 
ted zone. 
NFACTOR 5B "Time, coarse steer, fine steer, Ampthill" 
The highest loading variables on factor 5 were: 
Variable 4 Time, Ampthill + . 84 
Variable 6 Coarse steer, Ampthill + . 65 
Variable 5 Fine steer, Ampthill + . 31 
A high positive score on factor 5 indicates that drivers 
drove slowly and made many steering reversals in Ampthill, 
a congested urban section of the route with narrow winding 
roads and a 48 k/h speed restriction. 
NFACTOR 6B "Time, coarse steer, fine steer, Westoning" 
The highest loading variables on factor 6 were: 
Variable 16 Time, Westoning + . 88 
Variable 18 Coarse steer, Westoning + . 79 
Variable 17 Fine steer, Westoning + . 33 
A high positive score on f actor 6 indicates that drivers 
drove slowly and made many steering reversals over a section 
of the route which comprised a relatively straight road 
through a small village with a 48 k/h speed restriction. 
NFACTOR 7B "Coarse steer time, fine steer, Flitwick" 
The highest loading variables on factor 7 were: 
Variable 12 Coarse steer, Flitwick + . 87 
Variable 10 Time, Flitwick + . 70 
Variable 11 Fine steer, Flitwick + . 44 
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A high positive score on factor 7 indicates that drivers 
made many steering reversals and drove slowly through 
Flitwick, a winding, congested section of the route with a 
48 k/h speed restriction. An interesting feature of factor 
7 is that the relative importance of the 'time' and 'coarse 
steer' variables has been reversed in comparison to their 
order of importance on factors 5 and 6. That is to say, 
more of the variance in scores on factor 7 is accounted for 
by the number of coarse steering reversals made by drivers 
than is accounted for by their driving speed, whereas the 
reverse was true of these variables with respect to factors 
5 and 6. 
NFACTOR 8B "Time, coarse steer, fine steer, Bedford 
Ampthill Road" 
The highest loading variables on factor 8 were: 
Variable 49 Time, Bedford Ampthill Road + . 82 
Variable 51 Coarse steer, Bedford Ampthill Road + . 71 
Variable 50 Fine steer, Bedford Ampthill Road + . 33 
A high positive score on factor 8 indicates that drivers 
drove slowly and made many steering reversals in Bedford 
Ampthill Road, a suburban section of the route with a 
48 k/h speed restriction. 
NFACTOR 9B "Time and coarse steer Marston, fine steer 
Am pt h ill" 
The highest loading variables on factor 9 were: 
Variable 31 Time, Marston suburban + . 73 
Variable 33 Coarse steer, Marston suburban + . 73 
Variable 5 Fine steer, Ampthill + . 41 
A high positive score on factor 9 indicates that drivers 
drove slowly and made many coarse steering reversals 
in 
Marston, a section of urban driving with a 64 
k/h speed 
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restriction, and made many fine steering reversals in 
Ampthill, a section of congested urban driving with a 
48 k/h speed restriction. It is not clear why fine 
steering reversals made on the Ampthill section of the 
route are associated with this factor when fine steering 
reversals made in Marston itself are not. Factor 9 departs 
from the pattern seen previously in Factors 5,6,7 and 8, 
therefore, and that seen in factors 10,11,12,13,14,15 
and 16 reported below. 
NFACTOR lOB "Time, coarse steer, fine steer Ampthill to 
Flitwick" 
The highest loading variables on factor 10 were: 
Variable 7 Time, Ampthill to Flitwick + . 90 
Variable 9 Coarse steer, Ampthill to Flitwick + . 57 
Variable 8 Fine steer, Ampthill to Flitwick + . 44 
A high positive score on f actor 10 indicates that drivers 
drove slowly and made many reversals from Ampthill to 
Flitwick, a section of suburban driving with a 48 k/h 
speed restriction. 
NFACTOR 11B "Time, coarse steer , fine steer Kem pston 
roundabout, coarse steer Test Area to Ampthill" 
The highest loading variables on factor 11 were: 
Variable 37 Time, Kempston roundabout + . 83 
Variable 3 Coarse steer, Test Area to Ampthill + . 44 
Variable 39 Coarse steer, Kempston roundabout + . 43 
Variable 38 Fine steer, Kempston roundabout + . 38 
A high positive score on factor 11 indicates that drivers 
drove slowly and made many steering reversals at Kempston 
roundabout, a section of the route with a 48 k/h speed re- 
striction, and made many coarse steering reversals from the 
Test Area to Ampthill, a trunk road section of the route 
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with a 96 k/h speed restriction. No obvious explanation is 
apparent for the inclusion of variable 3 in this factor. 
NFACTOR 12B "Time, coarse steer, fine steer Marston urban" 
The highest loading variables on factor 12 were: 
Variable 28 Time, Marston urban + . 83 
Variable 30 Coarse steer, Marston urban + . 70 
Variable 51 Fine steer, Marston urban + . 51 
A high positive score on factor 12 indicates that drivers 
drove slowly and made many steering reversals in Marston, 
a section of urban driving with a 48 k/h speed restriction. 
NFACTOR 13B "Time, coarse steer, fine steer M1 to Marston" 
The highest loading variables on factor 13 were: 
Variable 25 Time, Ml to Marston + . 83 
Variable 27 Coarse steer, Ml to Marston + . 62 
Variable 26 Fine steer, M1 to Marston + . 26 
A high positive score on f actor 13 indicates that drivers 
drove slowly and made many steering reversals from the Ml 
to Marston, a trunk road section of the route with a 96 k/h 
speed restriction. 
NFACTOR 14B "Time, coarse steer, fine steer, Kempston 
to Bedford" 
The highest loading variables on factor 14 were: 
Variable 43 Time, Kempston to Bedford + . 89 
Variable 45 Coarse steer, Kempston to Bedford + . 60 
Variable 44 Fine steer, Kempston to Bedford + . 34 
A high positive score on factor 14 indicates that drivers 
drove slowly and made many steering reversals from Kempston 
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to Bedford, a suburban section of the route with a 48 k/h 
speed restriction. 
NFACTOR 15B "Time, coarse steer, fine steer Bedford to 
Test Area" 
The highest loading variables on f actor 15 were: 
Variable 54 Time, Bedford to Test Area + . 86 
Variable 54 Coarse steer, Bedford to Test Area + . 46 
Variable 53 Fine steer, Bedford to Test Area + . 23 
A high positive score on factor 15 indicates that drivers 
drove slowly and made many steering reversals from Bedford 
to the Test Atea, a section of trunk road with a 96 k/h 
speed restriction. 
NFACTOR 16B "Time, coarse steer, fine steer Bedford" 
The highest loading variables on factor 16 were: 
Variable 46 Time, Bedford + . 88 
Variable 48 Coarse steer, Bedford + . 39 
Variable 47 Fine steer, Bedford + . 28 
A high positive score on f actor 16 indicates that drivers 
drove slowly and made many steering reversals in Bedford, 
the longest urban section of the route with a 48 k/h speed 
restriction . 
4.4.4 FACTOR ANALYSIS C (VARIABLES FROM TEST-TRACK 1) 
The variables included in Factor Analysis C were the time, 
number of cones hit, number of fine steering reversals, 
number of coarse steering reversals and the number of sub- 
sidiary task responses made on each test-track trial 
(see 
Appendix L). The means and standard deviations for each of 
these variables are given in Table 3 of Appendix M, where 
it can be seen that a high degree of variability was assoc- 
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sated with the 'fine steering reversals', 'time' and 'sub- 
sidiary task' variables. This is reflected in the fact 
that the first three factors reported below are defined 
exclusively in terms of one of these three variables. 
The eigenvalues and percent of variance accounted for by 
the first seven factors derived in this analysis are given 
in Table 3 below. 
TABLE 3 Eigenvalues, percent of variance and cumulative 
percent of variance accounted for by the first 
seven factors derived in Factor Analysis C. 
Data are the variables from Test -track 1. 
Factor Eigenvalue % of Variance Accounted for 
Cum. % Variance 
Accounted for 
1 11.24 31.2 31.2 
2 6.61 18.4 49.6 
3 3.48 9.7 59.2 
4 2.50 6.9 66.2 
. 
5 1.48 4.1 70.3 
6 1.18 3.3 73.6 
7 1.09 3.0 76.6 
Each factor from Factor Analysis C is named, its component 
variables and their weights listed, and an interpretation 
of a high positive score on that factor is given below. 
NFACTOR 1C "Fine steering reversals" 
The highest loading variables on factor 1 were: 
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Variable 3 Fine steer, trial 1 + . 72 
Variable 7 Fine steer, trial 2 + . 71 
Variable 12 Fine steer, trial 3 + . 80 
Variable 16 Fine steer, trial 4 + . 90 
Variable 21 Fine steer, trial 5 + . 84 
Variable 26 Fine steer, trial 6 + . 87 
Variable 30 Fine steer, trial 7 + . 83 
Variable 35 Fine steer, trial 8 + . 80 
A high positive score on f actor 1 indicates that drivers 
made many fine steering reversals on all test-track trials. 
NFACTOR 2C "Time, all trials" 
The highest loading variables on factor 2 were: 
Variable 1 Time, trial 1 + . 91 
Variable 5 Time, trial 2 + . 85 
Variable 10 Time, trial 3 + . 96 
Variable 14 Time, trial 4 + . 91 
Variable 19 Time, trial 5 + . 95 
Variable 24 Time, trial 6 + . 97 
Variable 28 Time, trial 7 + . 96 
Variable 33 Time, trial 8 + . 96 
A high positive score on factor 2 indicates that drivers 
drove relatively slowly on all test-track trials. 
NFACTOR 3C "Subsidiary task responses" 
The highest loading variables on factor 3 were: 
Variable 9 Subsidiary task, trial 2 + . 83 
Variable 18 Subsidiary task, trial 4 + . 90 
Variable 23 Subsidiary task, trial 5 + . 90 
Variable 32 Subsidiary task, trial 7 + . 88 
A high positive score on f actor 3 indicates that drivers 
responded relatively frequently to the subsidiary task. 
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NFACTOR 4C "Trial 2" 
The highest loading variables on factor 4 were: 
Variable 8 Coarse steer, trial 2 + . 69 
Variable 7 Fine steer, trial 2 + . 57 
Variable 9 Subsidiary task, trial 2 + . 26 
Variable 5 Time, trial 2 + . 25 
A high positive score on factor 4 indicates that drivers 
made many steering reversals, drove slowly and responded 
frequently to the subsidiary task on trial 2. Only one 
variable recorded on trial 2, 'cones', is not represented 
in factor 4. 
NFACTOR 5C "Coarse steer, clockwise trials" 
The highest loading variables on factor 5 were: 
Variable 36 Coarse steer, trial 8 + . 77 
Variable 35 Fine steer, trial 8 + . 34 
Variable 27 Coarse steer, trial 6 + . 26 
Variable 17 Coarse steer, trial 4 + . 22 
Variable 8 Coarse steer, trial 2 + . 21 
A high positive score on f actor 5 indicates that drivers 
made many coarse steering reversals on test-track trials 
which were run in a clockwise direction, and made many fine 
steering reversals on one clockwise trial, trial 8. Impli- 
cit in this interpretation of factor 5 is that a greater 
variability was seen in drivers' steering reversals on 
clockwise trials and this is confirmed by the standard de- 
viations given in Appendix M. Some drivers did, in fact, 
report that it was easier to drive the course in a counter- 
clockwise direction, an observation which is in agreement 
with the interpretation of factor 5. 
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NFACTOR 6C "Cones, trial 8" 
Only one variable was loaded highly on this factor, namely: 
Variable 34 Cones, trial 8 + . 95 
A high positive score on factor 6 indicates that drivers hit 
a relatively large number of cones on trial 8. 
NFACTOR 7C "Cones, trial 7" 
Only one variable was loaded highly on this factor, namely: 
Variable 29 Cones, trial 7 + . 95 
A high positive score on factor 7 indicates that drivers hit 
a relatively large number of cones on trial 7. 
4.4.5 FACTOR ANALYSIS D (ITEMS FROM QUESTIONNAIRE C) 
The variables included in Factor Analysis D were the items 
from Questionnaire C, in which subjects were asked to com- 
pare the experimental car's steering on the second road-run 
with the steering on Road-run 1, (see Appendix C). It should 
be remembered that subjects had been assigned to their respec- 
tive power steering groups at this point in the experiment, so 
that some of the questionnaire responses analysed here were 
made by subjects who had driven with the experimental power 
steering characteristics and some were made by subjects who 
had driven with the standard power steering (the Control 
group) . 
The means and standard deviations of subjects' scores on 
each item from Questionnaire C are given in Table 4 of 
Appendix M, and these indicate that, in general, scores were 
grouped around the middle or 'neutral' category on each item. 
A comparison of the standard deviations given in Tables I and 
4 of Appendix M suggest that there was less variability asso- 
ciated with subjects' responses to the items in Questionnaire 
C than with their responses to the items in Questionnaire B. 
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This indicates that the differences between the standard 
power steering and the steering of subjects' own cars 
(Questionnaire B) were more marked than the differences 
between the standard power steering and the experimental 
steering characteristics (Questionnaire C). 
The eigenvalues and the percent of variance accounted for 
by the first seventeen factors derived in this analysis 
are given in Table 4 below. 
TABLE 4. Eigenvalues, percent of variance and cumulative 
percent of variance accounted for by the first 
seventeen factors derived in Factor Analysis D. 
Data are the items from Questionnaire C in which 
subjects compared the experimental car's steering 
on the second road-run with the steering on Road- 
run 1. 
Factor Eigenvalue 
% of Variance 
Accounted for 
Cum. % Variance 
Accounted for 
1 19.39 27.3 27.3 
2 4.35 6.1 33.4 
3 3.62 5.1 38.5 
4 3.28 4.6 43.1 
5 2.84 4.0 47.1 
6 2.15 3.0 50.2 
7 1.98 2.8 53.0 
8 1.97 2.8 55.7 
9 1.82 2.6 58.3 
10 1.69 2.4 60.7 
11 1.61 2.3 63.0 
12 1.55 2.2 65.1 
13 1.38 1.9 67.1 
14 1.34 1.9 69.0 
15 1.30 1.8 70.8 
16 1.19 1.7 72.5 
17 1.14 1.6 74.1 
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Each factor from Factor Analysis D is named, its highest 
loading variables and their weights listed, and an inter- 
pretation of a high positive score on that factor is given 
below . 
NFACTOR 1D "Difficult to judge effort required, tendency 
to oversteer, difficult to get used to" 
The highest loading variables on factor 1 were: 
Item 26 Difficult to judge effort entering + . 81 
roundabout 
Item 10 Tendency t o oversteer + . 77 
Item 11 Difficult to judge effort right angle 
turns + . 74 
Item 36 Difficult to judge effort on sharp 
bends + . 75 
Item 5 Easy to ge t used to - . 69 
Item 19 Confidence in steering - . 63 
Item 45 Having to think about the steering + . 62 
Item 62 Degree of control over the car - . 60 
Item 55 Number of corrective steer ing movements + . 50 
Item 35 Difficulty in positioning the car on 
bends + . 47 
A high positive score on factor 1 indicates that drivers 
found it difficult to judge the amount of effort required 
to steer the car under normal urban driving conditions, 
found that they tended to oversteer, found the steering 
difficult to get used to, lacked confidence in the steering, 
had to think about the steering, felt that they had little 
control over the car and made many corrective steering 
movements. Although there are f ewer ' positioning' variables 
associated with this factor, it is very similar to the first 
factor derived in Factor Analysis A (Questionnaire B data). 
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NFACTOR 2D "Difficult to maintain lane position, difficult 
to control during lane changes, lack of con- 
fidence at high speed" 
The highest loading variables on factor 2 were: 
Item 54 Difficult to maintain lane position at 
high speeds on the motorway + . 81 
Item 53 Difficult to maintain lane position at 
moderate speeds on the motorway + . 80 
Item 52 Difficult to control when changing lanes 
at high speed on the motorway + . 77 
Item 29 Difficult to position on straight roads + . 72 
Item 51 Difficult to control when changing 
lanes at moderate speeds on the motorway + . 69 
Item 28 Easy to keep on course over uneven roads - . 67 
Item 34 Confidence at high speeds - . 53 
Item 55 Number of corrective steering movements + . 51 
Item 56 Difficult to tell how much grip between 
the front wheels and road + . 49 
Item 62 Degree of control over the car - . 45 
A high positive score on factor 2 indicates that drivers 
had difficulty in keeping the car on course in straight- 
line driving, found it difficult to control the car when 
changing lanes, and lacked confidence at speed. Factor 2 
from the present analysis corresponds very closely with 
the second factor from Factor Analysis A (Questionnaire B 
data) . 
NFACTOR 3D "Willingness to manoeuvre the car and to 
steer precisely" 
The highest loading variables on factor 3 were: 
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Item 27 Willingness to 'nip in and out' around 
parked vehicles + . 69 
Item 15 Likelihood of squeezing past slow moving 
vehicles + . 63 
Item 43 Likelihood of entering small gaps in 
the traffic + . 63 
Item 39 Likelihood of crossing the white line 
on bends - . 63 
Item 17 Likelihood of steering around a 
pedestrian + . 62 
Item 48 Cutting corners, major to minor road - . 52 
Item 50 Likelihood of accepting small gaps in 
traffic on the motorway + . 49 
Item 67 Feeling relaxed in the car + . 48 
Item 20 Difficult to position t he car entering 
a roundabout - . 39 
Item 48 Difficult to tell when the wheels are 
straight ahead - . 38 
A high positive score on factor 3 indicates that drivers 
were willing to make precise steering manoeuvres in the 
car, were less likely to cut corners, felt more relaxed, 
found it easier to position the car at roundabouts, and 
found it easier to judge when the wheels were in the 
straight ahead position. Factor 3 corresponds very closely 
to the third factor from Factor Analysis A (Questionnaire B 
data) . 
NFACTOR 4D "Favourable reaction to the lightness of the 
steering, feeling more relaxed" 
The highest loading variables on factor 4 were: 
Item 7 
Item 21 
Item 65 
Item 31 
Item 33 
Item 67 
Liqhtness of the steering at parking speeds + . 84 
(As above, duplicated item) 
Lightness of the steering overall 
Lightness of steering at moderate to 
high speeds 
More effort required when driving 
slowly than when driving fast 
Feeling relaxed in the car 
+ . 80 
+ . 74 
+ . 56 
- . 53 
+ . 31 
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A high positive score on f actor 4 indicates that drivers 
found the steering light at all speeds but especially when 
parking, found that 'less effort was required when driving 
slowly than when driving fast, and that drivers felt more 
relaxed in the car this time. Factor 4 corresponds closely 
to factor 6 from Factor Analysis A (Questionnaire B data). 
NFACTOR 5D "Driving faster, overtaking more frequently" 
The highest loading variables on factor 5 were: 
Item 37 Driving faster on straight roads + . 81 
Item 40 Frequency of overtaking + . 77 
Item 60 Driving faster overall + . 78 
Item 38 Driving faster through ben ds + . 46 
Item 42 Difficult to position the car when chang- 
ing lanes to pass another vehicle - . 26 
Item 51 Difficult to control when changing lanes 
at moderate speeds on the motorway - . 25 
A high positive score on factor 5 indicates that drivers 
felt that they drove faster and overtook more frequently 
in the car on the second road-run, and found it easier to 
control the lateral position of the car when changing lanes 
in traffic and at moderate speeds on the motorway. No 
equivalent of f actor 5 was found in the analysis of data 
from Questionnaire B which suggests that this factor was 
generated by subjects' increased familiarity with the car 
on the second road-run. 
NFACTOR 6D "Close manoeuvering, easier to position" 
The highest loading variables on factor 6 were: 
136 
Item 14 Returning to the lane earlier having 
passed a parked vehicle + . 73 
Item 12 Moving out earlier when passing parked 
vehicles - . 54 
Item 22 Likelihood of forming second queue at 
traffic lights + . 44 
Item 9 Difficult to position on right angle 
turns - . 43 
Item 35 Difficult to position on bends - . 41 
Item 20 Difficult to position entering roundabout - . 40 
Item 13 Passing close alongside stationary 
vehicles + . 34 
Item 70 Driving more safely - . 27 
A high positive score on factor 6 indicates that drivers 
felt that they passed closer to parked vehicles and found 
that they could position the car accurately. Interestingly, 
a high positive score also implies that drivers felt they 
were driving less safely on the second road-run. Again, 
factor 6 has no equivalent in the analysis of Question- 
naire B data, so that it seems to have been generated as a 
result of drivers' increased familiarity with the car. 
NFACTOR 7D "Having less to do because of the brakes and 
transmission" 
The highest loading variables on factor 7 were: 
Item 59 Having less to do because of the brakes 
Item 58 Having less to do because of the trans- 
mission 
Item 71 More confide nce at low speeds than at 
high speeds 
Item 39 Likelihood o f crossing the white line 
on bends 
Item 69 Willingness to park on other side of 
road 
Item 31 Lightness of steering, moderate to 
high speeds 
+ . 86 
+ . 83 
+ . 32 
- . 27 
+ . 25 
- . 23 
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A high positive score on factor 7 indicates that drivers 
felt they had less to do because of the power brakes and 
the automatic transmission, felt more confident about the 
steering at low speeds than at high speeds, thought that 
the steering was heavier at moderate to high speeds, felt 
that they were less likely to cross the white line on bends 
and more likely to park on the other side of the road. 
Factor 7 is similar to factor 8 from Factor Analysis A 
(Questionnaire B data). When considering the interpretation 
of this factor, it is important to bear in mind the subjec- 
tive nature of responses to items 5 and 59. In Questionnaire 
C, on which the present analysis was based, subjects were 
comparing the car on the second road-run with the car on 
the first road-run. Since no real differences existed in 
the non-steering components of the car between the two 
road-runs, 'having less to do' was the result of increased 
familiarity with the car rather than any mechanical changes 
to the brakes or transmission. 
NFACTOR 8D "Steering too light and no different" 
The highest loading variables on factor 8 were: 
Item 64 Steering too light overall + . 82 
Item 32 Steering too light at moderate to high 
speeds + . 58 
Item 18 Steering too light at low speeds + . 42 
Item 28 Easy to keep on course over uneven 
roads + . 36 
Item 1 Steering diff erent - . 26 
Item 63 Becoming more frustrated - . 25 
A high positive score on factor 8 indicates that drivers 
felt that the steering was too light and, although they 
were less frustrated and found it easier to keep the car 
on course over uneven roads, felt that the steering was no 
different. Factor 8 is similar to factor 5 from the analysis 
of Questionnaire B except that the 'lack of confidence' vari- 
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able is no longer present. In other words, although drivers 
found that the steering was too light, this was not affecting 
their confidence on Road-run 2. 
NFACTOR 9D "Holding back less, lack of 'f ee1' , more 
confidence at high speed than at low speed" 
The highest loading variables on factor 9 were: 
Item 16 Holding back more often - . 79 
Item 49 Difficult to tell how much grip between 
the front wheels and the road + . 70 
Item 71 More confidence at low speed than at 
high speed - . 31 
Item 40 Overtaking more often + . 26 
Item 18 Steering too light at low speed + . 25 
Item 46 Cutting corners, major to minor roads + . 22 
Item 48 Difficult to judge when wheels are 
straight ahead + . 21 
A high positive score on factor 9 indicates that drivers 
felt that they held back less often, found it difficult to 
tell how much grip there was between the front wheels and 
the road, felt less confident at low speeds than at high 
speeds, thought that they overtook more often, felt that 
the steering was too light at low speeds, thought they cut 
corners more, and found it difficult to judge when the 
wheels were straight ahead. Whilst commenting on the lack 
of 'feel' at low speeds, therefore, (items 48 and 49) high 
scoring drivers thought that they held back less and over- 
took more on the second road-run. 
NFACTOR 1OD "Sensitivity, responsiveness, easy to position" 
The highest loading variables on factor 10 were: 
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Item 3 Sensitivity of the steering in the 
straight ahead position + . 80 
Item 2 Speed of response of the steering + . 56 
Item 12 Moving out earlier when passing a 
parked vehicle . 32 
Item 35 Difficult to position on bends - . 25 
Item 42 Difficult to position when changing 
lanes to pass another vehicle - . 23 
Item 20 Difficult to position car entering a 
roundabout - . 22 
A high positive score on factor 10 indicates that drivers 
found the steering sensitive and quick to respond, and that 
they found it easy to position the car laterally (items 35 
and 42) and longitudinally (item 12). 
NFACTOR 11D "Having less to do, steering different, 
driving more agg ressively" 
The highest loading variables on factor 11 were: 
Item 57 Having less to do because of the 
steering + . 80 
Item 1 Steering different + . 53 
Item 13 Passing close alongside stationary 
vehicles + . 40 
Item 66 Driving more aggressively + . 28 
Item 56 Having m ore to do - . 26 
A high positive score on factor 11 indicates that drivers 
felt they had less to do because of the steering, felt that 
the steering was different, felt that they passed closer 
alongside stationary vehicles and that they drove more 
aggressively. 
NFACTOR 12D "Confidence in the steering" 
The highest loading variables on factor 12 were: 
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Item 30 Confidence in the steering at 
moderate speeds + . 57 
Item 34 Confidence in the steering at high 
speeds + . 49 
Item 41 Confidence in the steering when 
overtaking + . 43 
Item 19 Confidence in the steering + . 38 
Item 27 Willingness to 'nip in and out' around 
parked vehicles + . 26 
Item 56 Having more to do - . 26 
Item 28 Easy to keep on course over uneven roads + . 24 
A high positive score on factor 12 indicates that drivers 
felt more confident about all aspects of the car's steering 
on Road-run 2, felt more willing to 'nip in and out' around 
parked vehicles, felt that they had less to do, and found 
the car easier to keep on course over uneven roads. 
NFACTOR 13D "Feeling more alert and anticipatory due to 
sudden changes in effort" 
The highest loading variables on factor 13 were: 
Item 68 Feeling more alert in the car + . 83 
Item 44 More sudden changes in the amount of 
effort required to steer the car + . 42 
Item 56 Having more to do + . 31 
Item 22 Likelihood of forming second queue at 
the traffic lights + . 28 
Item 66 Driving more aggressively + . 26 
Item 45 Having to think about the steering + . 25 
A high positive score on factor 13 indicates that drivers 
felt more alert in the car on Road-run 2, noticed more 
sudden changes in the amount of effort required to steer 
the car, felt that they had more to do, had to think about 
the steering, were more likely to form a second queue at 
the traffic lights and thought that they drove more 
aggressively . Factor 
13 is similar to factor 11 from the 
analysis of data from Questionnaire B in that 'feeling alert' 
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is associated with difficulties with the steering. Unlike 
the earlier factor, however, factor 13 is also associated 
with a feeling of driving more aggressively . 
NFACTOR 14D "Less wi lling to wait at mini-roundabouts, 
driving more agg ressively " 
The highest loading variables on factor 14 were: 
Item 23 Willingness to wait one's turn at mini- 
roundabouts - . 83 
Item 66 Driving more aggressively + . 43 
Item 15 Likelihood of squeezing past parked 
vehicles + . 35 
Item 1 Steering different - . 30 
Item 63 Becoming more frustrated + . 27 
Item 43 Likelihood of entering small gaps in 
the traffic + . 26 
Item 50 Willingness to enter small gaps in the 
traffic on the motorway + . 22 
A high positive score on factor 14 indicates that drivers 
were less willing to wait their turn at mini-roundabduts, 
felt that they were driving more aggressively, felt more 
frustrated, were more likely to accept small gaps in the 
traffic and thought that the steering was no different on 
Road-run 2. This factor is in contrast with factor 9 from 
this analysis which is concerned with a bolder and more 
aggressive driving style at high speeds. A high score on 
the present factor indicates a tendency to drive aggres- 
sively in urban traffic situations. 
NFACTOR 15D "More effort required when cornering hard, 
feeling more frustrated" 
The highest loading variables on factor 15 were: 
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Item 47 Effort greater when cornering hard than 
when cornering gently + . 75 
Item 63 Becoming more frustrated + . 33 
Item 50 Willingness to accept small gaps in 
the traffic on the motorway - . 33 
Item 36 Difficult to judge effort on sharp 
bends + . 29 
Item 46 Cutting corners, major to minor roads + . 28 
Item 61 Driving more smoothly . 25 
Item 31 Lightness of the steering moderate to 
high speeds - . 24 
A high positive score on factor 15 indicates that drivers 
felt that more effort was required to steer the car when 
cornering hard than when cornering gently, felt more 
frustrated driving the car, were less willing to accept 
small gaps on the motorway, found it more difficult to 
judge how much effort was required to steer the car on 
sharp bends, tended to cut corners when turning into a 
minor road and found the steering heavier at moderate to 
high speeds. It is likely that drivers' responses to 
particular power steering characteristics are reflected 
in factor 15. The presence of item 47, for example, is 
particularly appropriate to the unique properties of the 
Conventional Reaction system. 
NFACTOR 16D "Less play in the steering, taking longer at 
mini -roundabouts" 
The highest loading variables on factor 16 were: 
Item 6 Amount of play in the steering - . 67 
Item 24 Time taken to negotiate mini-roundabout + . 39 
Item 25 Time taken to enter mini-roundabout + . 39 
Item 13 Passing close alongside stationary 
vehicles + . 36 
Item 70 Driving more safely - . 31 
Item 5 Easier to get used to + . 27 
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A high positive score on factor 16 indicates that drivers 
thought there was less play in the steering, felt that they 
took longer to negotiate mini-roundabouts, thought that they 
passed closer alongside stationary vehicles, felt that they 
drove less safely and that the steering was easier to get 
used to. The relationship between item 6 and the other vari- 
ables associated with factor 16 is not clear. 
NFACTOR 17D "Forcefulness of return to straight ahead_ position, 
confidence at low speeds, steering too light 
at higher speeds" 
The highest loading variables on factor 17 were: 
Item 8 Forcefulness of return to straight ahead + . 82 
Item 32 Steering too light at moderate to high 
speeds + . 37 
Item 71 More confidence at low than at high 
speeds + . 32 
Item 33 Effort greater when driving slowly than 
when driving fast - . 28 
Item 25 Time taken to enter mini-roundabout - . 25 
Item 48 Difficult to judge when wheels are 
straight ahead - . 24 
A high positive score on f actor 17 indicates that drivers 
found that the steering returned forcefully to the straight 
ahead position, felt that the steering was too light at 
high speeds, were more confident in the steering at low 
speeds than at high speeds, found that less effort was 
required to steer the car when driving slowly than when 
driving fast, felt that they took less time to enter a 
mini-roundabout and found it easier to judge when the 
wheels were straight ahead. Factor 17 contrasts with factor 
9 in which high scores were associated with greater confid- 
ence at high speeds than at low speeds and a lack of steering 
'feel' 
. 
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4.4.6 FACTOR ANALYSIS E (VARIABLES FROM ROAD-RUN 2) 
The variables included in Factor Analysis E were the time, 
the number of fine steering reversals, and the number of 
coarse steering reversals recorded on each of the eighteen 
sections of the route, (see Appendix K). The means and 
standard deviations of these variables are given in Table 5 
of Appendix M, where it can be seen that the 'fine steering 
reversals' variable was associated with relatively more 
variability than the 'coarse steering reversals' and 'time' 
variables. This was also noted in the factor analysis of 
Road-run 1 data reported previously, and again the first 
factor derived in the present analysis is exclusively re- 
lated to the number of fine steering reversals made on each 
section of the route. 
The eigenvalues, percent of variance accounted for and 
cumulative percent of variance accounted for by the first 
fifteen factors from this analysis are given in Table 5 
below: 
TABLE 5 Eigenvalues, percent of variance and cumulative 
percent of variance accounted for by the first 
fifteen factors derived in Factor Analysis E. 
Data are the variables from Road-run 2. 
Factor Eigenvalue % of Variance Accounted for 
Cum. % Variance 
Accounted for 
1 14.22 26.3 26.3 
2 3.64 6.7 33.1 
3 3.54 6.6 39.6 
4 2.58 4.8 44.4 
5 2.41 4.5 48.9 
6 2.09 3.9 52.8 
7 1.92 3 .5 
56.3 
8 1.70 3.1 59.5 
9 1.58 2.9 62.4 
10 1 . 52 2.8 
65.2 
11 1 . 44 2.7 
67.9 
12 1 . 28 
2.4 70.2 
13 1 . 26 
2.3 72 .6 
14 1.16 2.2 74.7 
15 1 . 07 
2.0 76.7 
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Each factor from Factor Analysis E is named, its component 
variables and their weights listed, and an interpretation 
of a high positive score on that factor is given below. 
NFACTOR iE "Fine steering reversals" 
The highest loading variables on factor 1 were: 
Variable 2 Fine steer, Test Area to Ampthill + . 81 
Variable 5 Fine steer, Ampthill + . 76 
Variable 8 Fine steer, Ampthill to Flitwick + . 84 
Variable 11 Fine steer, Flitwick + . 82 
Variable 14 Fine steer, Flitwick to Westoning + . 80 
Variable 17 Fine steer, Westoning + . 72 
Variable 20 Fine steer, Westoning to M1 + . 92 
Variable 23 Fine steer, M1 + . 88 
Variable 26 Fine steer, Ml to Marston + . 86 
Variable 29 Fine steer, Marston urban + . 78 
Variable 32 Fine steer, Marston suburban + . 78 
Variable 35 Fine steer, Marston to Kempston + . 86 
Variable 38 Fine steer, Kempston roundabout + . 76 
Variable 41 Fine steer, Kempston + . 72 
Variable 44 Fine steer, Kempston to Bedford + . 76 
Variable 47 Fine steer, Bedford + . 76 
Variable 50 Fine steer, Bedford Ampthill Road + . 76 
Variable 53 Fine steer, Bedford to Test Area + . 83 
A high positive score on factor 1 indicates that drivers 
made many fine steering reversals on each section of the 
route. This factor is identical to the first factor derived 
in Factor Analysis B (Road-run 1 data) . 
NFACTOR 2E "Coarse steer, 111 and trunk roads" 
The highest loading variables on factor 2 were: 
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Variable 27 Coarse steer, M1 to Marston + . 74 
Variable 24 Coarse steer, M1 + . 72 
Variable 21 Coarse steer, Westoning to MI + . 61 
Variable 6 Coarse steer, Ampthill + . 36 
Variable 9 Coarse steer, Ampthill to Flitwick + . 35 
Variable 54 Coarse steer, Bedford to Test Area + . 34 
Variable 3 Coarse steer, Test Area to Ampthill + . 31 
A high positive score on factor 2 indicates that drivers 
made many coarse steering reversals on a variety of dif- 
ferent types of road but especially on straight, 'fast' 
roads. Factor 2 is similar to the second factor derived in 
the analysis of Road-run 1 data (Factor Analysis B), except 
that the emphasis has changed from coarse steering reversals 
on suburban and trunk roads to coarse steering reversals on 
the motorway and trunk roads in the present analysis. 
NFACTOR 3E "Time, coarse steer, fine steer Kempston to 
Bedford and Bedford" 
The highest loading variables on factor 3 were: 
Variable 43 Time, Kempston to Bedford + . 86 
Variable 45 Coarse steer, Kempston to Bedford + . 59 
Variable 44 Fine steer, Kempston to Bedford + . 45 
Variable 46 Time, Bedford + . 38 
Variable 47 Fine steer, Bedford + . 33 
Variable 48 Coarse steer, Bedford + . 32 
A high positive score on factor 3 indicates that drivers 
drove slowly and made many steering reversals from Kempston 
to Bedford, a suburban section of the route with a 48 k/h 
speed restriction, and, to a lesser extent, drove slowly 
and made many steering reversals in Bedford, an urban sec- 
tion of the route with a 48 k/h speed restriction. 
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NFACTOR 4E "Time, Marston. Coarse steer, Test Area to 
Ampthill. Time and coarse steer, Bedford 
Ampthill Road" 
The highest loading variables on factor 4 were: 
Variable 31 Time, Marston suburban + . 84 
Variable 3 Coarse steer, Test Area to Ampthill + . 78 
Variable 51 Coarse steer, Bedford Ampthill Road + . 52 
Variable 49 Time, Bedford Ampthill Road + . 49 
A high positive score on factor 4 indicates that drivers 
drove slowly in the suburban part of Marston, made many 
coarse steering wheel reversals from the Test Area to 
Ampthill, a trunk road section of the route, and drove 
slowly making many coarse steering reversals in Bedford 
Ampthill Road, a suburban section of the route with a 
48 k/h speed restriction. The nature of the relationship 
between the variables associated with factor 4 is not at 
all clear. Factor 4 is uninterpretable, therefore. 
NFACTOR 5E "Time, coarse steer, fine steer Kempston. 
Time, coarse steer Bedford" 
The highest loading variables on factor 5 were: 
Variable 40 Time, Kempston + . 88 
Variable 42 Coarse steer, Kempston + . 50 
Variable 46 Time, Bedford + . 48 
Variable 41 Fine steer, Kempston + . 45 
Variable 48 Coarse steer, Bedford + . 32 
A high positive score on factor 5 indicates that drivers 
drove slowly and made many steering reversals in Kempston, 
and drove slowly and made many coarse steering reversals in 
Bedford, both urban sections of the route with 48 k/h speed 
restrictions . 
148 
NFACTOR 6E "Time, coarse steer, fine steer Ampthill" 
The highest loading variables on f actor 6 were: 
Variable If Time, Ampthill + . 83 
Variable 6 Coarse steer, Ampthill + . 62 
Variable 5 Fine steer, Ampthill + . 51 
A high positive score on factor 6 indicates that drivers 
drove slowly and made many steering reversals in Ampthill. 
The relationship between variables 4,6 and 5 and factor 6 
repeats the pattern seen frequently in the factors derived 
in the analysis of Road-run 1 data, that is, time, coarse 
steering reversals and fine steering reversals in descending 
order of importance . 
NFACTOR 7E "Driving fast and making many coarse steering 
reversals" 
The highest loading variables on factor 7 were: 
Variable 34 Time, twtarston to Kempston - . 79 
Variable 15 Coarse steer, Flitwick to Westoning + . 43 
Variable 51 Coarse steer, Bedford Ampthill Road + . 42 
Variable 31 Time, Marston suburban - . 25 
Variable 6 Coarse steer, Ampthill + . 23 
Variable 4 Time, Ampthill - . 22 
A high positive score on factor 7 indicates that drivers 
drove relatively quickly on various sections of the route, 
especially from Marston to Kempston, and made many coarse 
steering reversals on some sections of the route. Factor 7 
is unique in that it combines short driving times with high 
numbers of coarse steering reversals. The pattern normally 
seen is that of time and coarse steer being positively 
rather than negatively related. 
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NFACTOR 8E "Time, coarse steer, fine steer Kempston" 
The highest loading variables on factor 8 were: 
Variable 37 Time, Kempston + . 90 
Variable 39 Coarse steer, Kempston + . 66 
Variable 38 Fine steer, Kempston + . 40 
A high positive score on f actor 8 indicates that drivers 
drove relatively slowly and made many steering reversals in 
Kempston, an urban section of the route with a 48 k/h speed 
restriction. Factor 8 corresponds very closely to factor 4 
derived in Factor Analysis B (Road-run 1 data). 
NFACTOR 9E "Time, coarse steer, fine steer Bedford to 
Test Area" 
The highest loading variables on factor 9 were: 
Variable 52 Time, Bedford to Test Area + . 83 
Variable 54 Coarse steer, Bedford to Test Area + . 68 
Variable 53 Fine steer, Bedford to Test Area + . 26 
A high positive score on factor 9 indicates that drivers 
drove slowly and made many steering reversals from Bedford 
to the Test Area, a section of trunk road with a 96 k/h 
speed restriction. Factor 9 corresponds closely to factor 
15 from Factor Analysis B (Road-run 1 data). 
NFACTOR 10E. "Time, Flitwick to Westoning. Time, Westoning" 
The highest loading variables on f actor 10 were: 
Variable 13 Time, Flitwick to Westoning + . 87 
Variable 16 Time, Westoning + . 38 
Variable 45 Coarse steer, Kempston to Bedford - . 28 
Variable 15 Coarse steer, Flitwick to Westoning + . 27 
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A high positive score on factor 10 indicates that drivers 
drove slowly from Flitwick to Westoning and in Westoning, 
a rural section and an urban section of the route respectively, 
and made many coarse steering reversals from Flitwick to 
Westoning. The importance of the first two variables on this 
factor, slow driving times on two adjoining sections of the 
route, may be explained in terms of the variability in drivers' 
speeds on these sections. The presence of many heavy goods 
vehicles on these sections of the route (these vehicles were 
heading for the motorway), and the inability of drivers to 
overtake due to the high number of curves, meant that drivers' 
speed was governed by the presence or absence of slow moving 
traffic. If the driver found himself behind a slow moving 
vehicle, therefore, he had no choice but to drive slowly. If 
the driver was not held up by slow moving traffic, however, he 
was able to drive relatively quickly on this section of the 
route. A high variability in driving speed resulted from this 
situation and this appears to be reflected in factor 10. 
NFACTOR 11E "Coarse steer, time, fine steer Westoning" 
The highest loading variables on factor 11 were: 
Variable 18 Coarse steer, Westoning + . 86 
Variable 16 Time, Westoning + . 59 
Variable 12 Coarse steer, Flitwick + . 39 
Variable 17 Fine steer, Westoning + . 25 
A high positive score on f actor 11 indicates that drivers 
made many steering reversals and drove slowly in Westoning, 
an urban section of the route with a 48 k/h speed restric- 
tion, and made many coarse steering reversals in Flitwick, 
an urban section of the route with a 48 k/h speed restric- 
tion. 
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NFACTOR 12E "Time, coarse steer, fine steer Flitwick" 
The high est loading variables on factor 12 were: 
Variable 10 Time, Flitwick 
+ . 87 
Variable 12 Coars e steer, Flitwick + . 60 
Variable 11 Fine steer, Flitwick + . 35 
A high positive score on factor 12 indicates that drivers 
drove slowly and made many steering reversals in Flitwick, 
an urban section of the route with a 48 k/h speed restric- 
tion. Factor 12 corresponds closely to factor 7 derived in 
Factor Analysis B (Road-run 1 data). 
NFACTOR 13E "Slow drivers" 
The highest loading variables on factor 13 were: 
Variable 25 Time, M1 to Marston + . 85 
Variable 22 Time, 1,41 + . 50 
Variable 46 Time, Bedford + . 32 
Variable 34 Time, Marston to Kempston + . 27 
Variable 49 Time, Bedford Ampthill Road + . 23 
A high positive score on factor 13 indicates that drivers 
drove slowly on the motorway, trunk roads, urban and sub- 
urban sections of the route. 
NFACTOR 14E "Time, coarse steer, fine steer Ampthill to 
Flitwick" 
The highest loading variables on factor 14 were: 
Variable 7 Time, Ampthill to Flitwick + . 88 
Variable 9 Coarse steer, Ampthill to Flitwick + . 67 
Variable 8 Fine steer, Ampthill to Flitwick + . 32 
A high positive score on factor 14 indicates that drivers 
drove slowly and made many steering reversals from Ampthill 
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to Flitwick, a suburban section of the route with a 48 k/h 
speed restriction. Factor 14 corresponds closely to factor 
10 from Factor Analysis B (Road-run 1 data). 
NFACTOR 15E "Time, coarse steer, fine steer Westoning to 
the Ml" 
The highest loading variables on factor 15 were: 
Variable 19 Time, Westoning to the M1 + . 93 
Variable 21 Coarse steer, Westoning to the M1 + . 52 
Variable 16 Time, Westoning + . 34 
Variable 20 Fine steer, Westoning to the M1 + . 20 
A high positive score on factor 15 indicates that drivers 
drove slowly and made many steering reversals from Westoning 
to the Ml, a trunk road section of the route with a 96 k/h 
speed restriction, and drove slowly through Westoning, an 
urban section of the route with a 48 k/h speed restriction. 
4.4.7 FACTOR ANALYSIS F (VARIABLES FROM TEST'=TRACK 2) 
The variables included in Factor Analysis F were the time, 
number of cones hit, number of fine steering reversals, 
number of coarse steering reversals and the number of sub- 
sidiary task responses made on each test-track trial, (see 
Appendix L). The means and standard deviations of each of 
these variables are given in Table 6 of Appendix M, where 
it can be seen that a relatively high degree of variability 
was associated with the 'steering reversals', 'time' and 
'subsidiary task' variables. This is reflected in the f act 
that the first three f actors reported below are defined in 
terms of these variables. 
The eigenvalues, percent of variance and cumulative percent 
of variance accounted for by the first seven factors 
de- 
rived in this analysis are given in Table 6 below. 
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TABLE 6. Eigenvalues, percent of variance and cumulative 
percent of variance accounted for by the first 
seven factors derived in Factor Analysis F. Data 
are from Test-track 2. 
Factor Eigenvalue 
% of Variance 
Accounted for 
Cum. % Variance 
Accounted for 
1 9.89 27.5 27.5 
2 7.71 21.4 48.9 
3 3.32 9.2 58.1 
4 2.62 7.3 65.4 
5 1.45 4.0 79.4 
6 1.10 3.1 72.5 
7 1.00 2.8 75.3 
Each factor from Factor Analysis F is named, its component 
variables and their weights listed, and an interpretation 
of a high positive score on that factor is given below. 
NFACTOR iF "Steering reversals" 
The highest loading variables on factor 1 were: 
Variable 7 Fine steer, trial 2 + . 86 
Variable 16 Fine steer, trial 4 + . 86 
Variable 26 Fine steer, trial 6 + . 85 
Variable 35 Fine steer, trial 8 + . 83 
Variable 30 Fine steer, trial 7 + . 82 
Variable 12 Fine steer, trial 3 + . 81 
Variable 21 Fine steer, trial 5 + . 76 
Variable 3 Fine steer, trial 3 + . 71 
Variable 22 Coarse steer, trial 5 + . 60 
Variable 27 Coarse steer, trial 6 + . 57 
Variable 8 Coarse steer, trial 2 + . 54 
Variable 31 Coarse steer, trial 7 + . 52 
Variable 13 Coarse steer, trial 3 + . 50 
Variable 17 Coarse steer, trial 4 + . 49 
Variable 36 Coarse steer, trial 8 + . 46 
Variable 4 Coarse steer, trial i + . 32 
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A high positive score on factor 1 indicates that drivers 
made many steering reversals on all trials. Whereas in the 
analysis of Test-track I data ( Factor Analysis C), fine 
steering reversals and coarse steering reversals were asso- 
ciated with separate factors, in the present analysis, both 
fine and coarse steering reversals are associated with 
factor 1. The relatively greater importance of fine steering 
reversals, however, and the greater importance of reversals 
made on clockwise trials which was seen in Factor Analysis C, 
is also reflected by the weights attached to these variables 
in the present analysis. 
NFACTOR 2F "Time, all trials" 
The highest loadinq variables on factor 2 were: 
Variable 10 Time, trial 3 + . 96 
Variable 33 Time, trial 8 + . 95 
Variable 28 Time, trial -7 + . 
92 
Variable 1 Time, trial 1 + . 92 
Variable 19 Time, trial 5 + . 91 
Variable 5 Time, trial 2 + . 90 
Variable 14 Time, trial 4 + . 85 
Variable 24 Time, trial 6 + . 84 
A high positive score on factor 2 indicates that drivers 
drove slowly on all test-track trials. Factor 2 corresponds 
closely with the second factor derived in Factor Analysis 
C 
(Test-track 1 data). 
NFACTOR 3F "'Subsidiary task responses" 
The highest loading variables on factor 3 were: 
Variable 23 Subsidiary task, trial 5 + . 94 
Variable 32 Subsidiary task, trial 7 + . 93 
Variable 18 Subsidiary task, trial 4 + . 91 
Variable 9 Subsidiary task, trial 2 + . 
88 
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A high positive score on f actor 3 indicates that drivers 
made many subsidiary task responses on all trials on which 
the task was administered. 
NFACTOR 4F "Steering reversals, trial 1 and trial 3" 
The highest loading variables on factor 4 were: 
Variable 4 Coarse steer, trial I + . 87 
Variable 3 Fine steer, trial I + . 47 
Variable 12 Fine steer, trial 3 + . 26 
Variable 8 Coarse steer, trial 2 + . 24 
Variable 13 Coarse steer, trial 3 + . 22 
A high positive score on factor 4 indicates that drivers 
made many steering reversals on trials 1 and 3. The most 
important of these variables was coarse steering reversals 
on trial 1, however, which was the least prominent of the 
fine and coarse steering reversals variables associated with 
factor 1. 
NFACTOR 5F "Cones, trial 3" 
Only one variable was loaded highly on this factor, namely: 
Variable 11 Cones, trial 3 + . 94 
A high positive score on factor 5 indicates that drivers hit 
a relatively large number of cones on trial 3. 
NFACTOR 6F "Cones, trial 1" 
Only one variable was loaded highly on this f actor, namely: 
Variable 2 Cones, trial 1+ . 94 
A high positive score on factor 6 indicates that drivers 
hit a relatively large number of cones on trial 1. 
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HFACTOR 7F "Cones, trial 8" 
Only one variable was loaded highly on this factor, namely: 
Variable 34 Cones, trial 8+ 
. 91 
A high positive score on factor 7 indicates that drivers 
hit a relatively large number of cones on trial 8. 
4.4.8 INTRODUCTION TO DISCRIMINANT ANALYSIS 
A total of forty two NFactors were extracted from the princi- 
pal components analysis of Questionnaire 1131 , Road-run 1, and 
Test-track 1 data, and a further thirty nine NFactors were 
extracted from the principal components analysis of Question- 
naire 'C', Road-run 2 and Test-track 2 data. The third and 
final stage in the multivariate analysis of the results from 
the study involved the use of discriminant analysis in an 
attempt to discriminate between the experimental groups on 
the basis of these NFactors. A series of discriminant 
analyses was performed, therefore, using the same version of 
the SPSS package as was used previously for the principal 
components analyses, and run on the same computer at the 
University of Manchester Regional Computer Centre. 
Discriminant analysis seeks to provide one or more discrimin- 
ant functions, each function being a linear combination of the 
variables entered into the analysis, on which the experimental 
groups' scores are maximally separated. In this case, the 
discriminant variables were the NFactors from the previous 
analyses. Ideally, a single function is sought on which the 
scores within individual groups are clustered at widely 
separated intervals. The maximum number of discriminant 
functions extracted in a discriminant analysis is the number 
of groups minus one, or the number of variables entered, 
whichever is the smaller. Very often, however, some functions 
are found to increase the ability to discriminate between the 
experimental groups only slightly, so that fewer than the 
maximum number of functions will account for virtually all 
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of the available discriminating power. Each of the discri- 
minant functions extracted is orthogonal, or statistically 
unrelated, to each, of the other discriminant functions. 
The SPSS subprogram "Discriminant" provides six different 
methods of entering variables into the analysis. One of 
these is a 'direct' method in which all variables are in- 
cluded, and the remaining five methods involve 'stepwise' 
procedures. The advantage of the 'stepwise' methods is that 
only those discriminant variables which contribute signifi- 
cantly to the ability to separate groups are included in the 
analysis. The stepwise method chosen for the discriminant 
analyses reported here selects or rejects variables on the 
basis of their increasing or decreasing Rao's V when added 
to previously selected variables. Rao's V provides a measure 
of the separation between groups, and variables which increase 
V only marginally, or actually decrease the value of V when 
added to previous variables, are therefore rejected. 
Irrespective of the particular stepwise procedure chosen, 
variables are initially selected for inclusion in the analysis 
on the basis of their univariate F ratios. That is to say, an 
F test is performed on each variable prior to its evaluation 
on the stepwise entry criterion, and if the obtained value of 
F is too small, that variable is not considered for inclusion. 
The default value for minimum F, used for all the analyses 
reported here, is set so that almost any variable with some 
discriminatory power will be retained. Of those variables 
selected for inclusion on the basis of their univariate F 
ratios, that variable with the largest F is entered on the 
first step of the stepwise procedure. The results of these 
univariate F tests are often of interest in their own right, 
since they indicate whether or not the differences between 
groups on a particular variable are significant, and this 
can aid the interpretation of the discriminant functions 
derived . For each 
discriminant analysis reported below, 
those discriminant variables for which significant F ratios 
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were obtained are indicated and referred to in the text 
where this assists the interpretation of results. 
The output from subprogram 'Discriminant' provides a number 
of measures which indicate the relative importance of the 
individual variables and the relative importance of the dis- 
criminant functions in discriminating between the experimental 
groups. The relative importance of each discriminant variable 
to a given function is indicated by the magnitude of its 
standardized weighting coefficient. The sign of the standard- 
dized weighting coefficient indicates whether the variable 
makes a positive or negative contribution to the function. 
The eigenvalue associated with each discriminant function in- 
dicates the amount of variance in the discriminant variables 
accounted for by that function. The sum of the eigenvalues 
represents the total amount of variance accounted for by all 
the discriminant functions. The relative importance of each 
function is indicated by the percent of trace which represents 
the proportion of the total variance, or sum of the eigen- 
values, which is accounted for by an individual function. 
The canonical correlation provides a further index of the 
importance of a function and is analogous to the correlation 
ratio in a one-way analysis of variance. If the experimental 
groups are thought of as representing the various levels of 
the independent variable in a one-way analysis of variance, 
the canonical correlation coefficient squared may be taken 
as an index of the amount of variance in the scores on a 
particular function which is accounted for by the 'experi- 
mental groups' variable. Wilk's Lambda provides an inverse 
measure of the discriminating power left in the original 
variables after that accounted for by each function has been 
removed. That is to say, the larger the value of Lambda, 
the less discriminating power remains. Lambda is transformed 
into a Chi-square statistic to provide a statistical test of 
the significance of the remaining discriminating power. 
When 
the value of Lambda is sufficiently large that 
its associated 
Chi-square statistic fails to reach significance, 
further 
functions cannot contribute to the ability to 
discriminate 
159 
between the experimental groups, and may, therefore, be 
ignored. Finally, the output from subprogram 'Discriminant' 
also includes a classification matrix which indicates the 
accuracy with which group membership can be predicted on the 
basis of the discriminant functions derived. The classifi- 
cation matrix takes the form of the percentage of known group 
members which is correctly classified as belonging to that 
particular experimental group. A comparison of the predicted 
group membership with actual group membership provides a 
further index of the adequacy of the discriminant functions 
extracted in the analysis. A Chi-square test of significance 
is performed on the overall percentage of cases correctly 
classified in each analysis. 
A total of sixteen discriminant analyses were performed on 
the NFactors derived from the previous principal components 
analyses, and their results are summarized in Table 7 below. 
It can be seen from Table 7 that the NFactors derived from 
Questionnaire 'B', Road-run 1 and Test-track 1 were used as 
the discriminant variables in the first four analyses, and 
that subjects were classified only on the basis of s'ex to 
provide two experimental groups, males and females. Since 
there were only two experimental groups in these analyses, a 
single discriminant function was extracted in each, and these 
were all found to be significant at the 1% level. When the 
NFactors from all three data sources were combined in Discrim- 
inant Analysis 4,91% of subjects could be correctly classified 
as male or female on the basis of the discriminant function 
derived. The experimental groups for Discriminant Analyses 
5 to 8 inclusive were also males and females, but the dis- 
criminant variables employed were the NFactors from the second 
half of the study, that is, from Questionnaire ' C' , Road-run 
2 and Test-track 2. It can be seen from Table 7 that the 
ability to discriminate between males and females on the 
basis of the NFactors from the second half of the experiment 
was slightly reduced in comparison with the previous analyses 
based on NFactors from the first half of the experiment, 
in 
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that fewer significant functions were derived, and the per- 
centage of cases correctly classified was lower than that 
seen previously. This was to have been expected, however, 
since subjects were allocated to their respective power 
steering groups in the second half of the experiment so 
that an additional source of variance was present in the 
data from which these NFactors were derived. 
The experimental groups for Discriminant Analyses 9- 12 
inclusive were the five power steering groups, namely, the 
Load Spring Heavy group, Load Spring Light group, Speed 
Proportional Feel group, Conventional Reaction group and 
the Control group. Each of these experimental groups 
contained both male and female subjects. Table 7 shows the 
probabilities associated with the first three discriminant 
functions derived in Discriminant Analyses 9 to 12, and it 
can be seen that only in the case of Discriminant Analysis 
12, in which all the NFactors from the second half of the 
study were included, did any of the functions reach statis- 
tical significance. On the basis of the functions derived 
in Discriminant Analysis 12,66% of cases were correctly 
classified. (One would expect only 20% to be correctly 
classified on the basis of chance alone). 
When the five power steering groups were further divided 
into males and females to provide 10 experimental groups 
for the last four analyses, the most successful discrimin- 
ation was again made on the basis of all the NFactors from 
the second half of the experiment, (Discriminant Analysis 16). 
The significance of the first three functions derived in each 
analysis is shown in Table 7, where it can be seen that the 
first two functions derived in Discriminant Analysis 16 were 
significant at the 1% level. The percentage of cases cor- 
rectly classified was also much higher than would be expected 
by chance, since 63% were correctly classified on the basis 
of the functions derived, when only 10% would be expected to 
be correctly classified on the basis of chance alone. 
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In the following sections, each of the discriminant analyses 
is described in turn, and, for those analyses in which there 
were more than two experimental groups, a plot of the signi- 
ficant discriminant functions is given with the position of 
each group centroid, or mean, clearly shown. For each 
significant discriminant function, a list of discriminant 
variables with their standardized weighting coefficients is 
given, together with the eigenvalue, percent of trace, 
canonical correlation, Wilk's Lambda and the value and 
significance of its associated Chi-square statistic. 
Finally, the percentage of cases correctly classified on 
the basis of all functions derived is indicated either in 
the text or in table form . 
4.4.9 DISCRIMINANT ANALYSIS 1. DISCRIMINANT VARIABLES WERE 
NFACTORS 1A - 19A FROM QUESTIONNAIRE `B' (STANDARD 
POWER STEERING IN USE). EXPERIMENTAL GROUPS WERE 
MALES AND FEMALES. 
The means and standard deviations of groups' scores on 
NFactors 1A to 19A are given in Table 1 of Appendix N, where 
it can be seen that, in general, the differences between 
group means on each variable were relatively small and the 
variability in scores was relatively high. The univariate 
F ratios computed for each variable indicated that the 
differences between groups' scores on NFactors 6,7 and 14 
were significant at the 5% level. The binomial probability 
of three such significant results from a series of nineteen 
F tests is approximately . 05, suggesting that this was not 
a purely chance result. 
Since there were only two experimental groups in the first 
analysis, only one discriminant function was derived. A list 
of the highest loading discriminant variables associated with 
that function, their standardized weighting coefficients and 
the values of the group centroids on that function are given 
in Table 8. 
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From Table 9 it can be seen that the canonical correlation 
for the function was . 56, which indicates that approximately 
31% of the variance in discriminant scores is accounted for 
by the 'groups' variable. The value of Wilk's Lambda and 
associated Chi-square statistic indicate that the function 
was significant at the one percent level, p= . 003. It was 
possible to correctly classify 76% of males and 72% of females 
on the basis of the single discriminant function. 
TABLE 8. Discriminant variables (MFactors from Questionnaire 
'B') standardized weighting coefficients and group 
centroids associated with-the single function de- 
rived in Discriminant Analysis 1. 
Variable Variable Name 
Standardized 
Weight 
! NFactor 3A 
NFactor 7A 
Willingness to manoeuvre 
in traffic 
Sensitivity, responsiveness, 
good feel 
NFactor 6A Favourable reaction to 
lightness of steering, 
having less to do 
NFactor 14A Returning to lane earlier, 
lack of play 
NFactor 19A Passing closer to parked 
vehicles, play in steering 
NFactor 9A Heavier steering and more 
confidance at low speeds, 
difficult to judge effort 
on sharp turns 
NFactor 1A Difficult to position car 
and to judge effort required, 
lack of confidence 
Group Centroids: Group 1 (Males) . 68 
11 Group 2 (Females) - . 08 
. 62 
- . 56 
. 44 
. 42 
- . 41 
- . 36 
. 35 
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TABLE 9. Eigenvalue, percent of trace, canonical corre- 
lation, Wilk's Lambda and Chi-square statistic 
for the single function derived in Discriminant 
Analysis 1. 
Eigen- 
value 
Percent 
of Trace 
Canonical 
Correlation 
Wilk' s 
Lambda 
Chi- D. F. 
square 
Signif i- 
cance 
. 47 100 . 56 . 68 34.7 15 p= . 003 
The group centroids given in Table 8 indicate that male subjects 
(Group 1) were associated with high positive scores, and fe- 
males (Group 2), with high negative scores. This suggests that 
males were willing to manoeuvre the car in traffic, reacted 
favourably to the lightness of the steering, returned to their 
lane earlier having passed stationary vehicles, commented on 
the lack of play in the steering, but found the car difficult 
to position and lacked confidence in the steering. Males did 
not find the steering particularly sensitive, responsive or 
with good 'feel', did not pass closer to parked vehicles or 
find the steering heavier at low speeds, and did not find it 
difficult to judge the effort required on sharp turns. Females' 
high negative scores imply that they were unwilling to man- 
oeuvre the car in traffic, found the steering sensitive, re- 
sponsive and with good 'feel', did not react favourably to the 
lightness of the steering, returned to their lane later having 
passed a parked vehicle, passed closer to parked vehicles, 
thought the steering was heavier and were more confident at 
low speeds, found it easy to judge the effort required and 
expressed confidence in the steering. 
The most interesting feature of Discriminant Analysis 1 is 
that, whereas males are associated with a willingness to 
manoeuvre the car in traffic despite finding the car difficult 
to position, females were apparently unwilling to manoeuvre 
the car in traffic although they found the steering sensitive, 
responsive and with good 'f eel' . It would seem, therefore, 
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that the single most important variable in discriminating 
between males and females on the basis of the PJFactors 
derived from Questionnaire 'B', that is, the willingness to 
manoeuvre the car in traffic, was related to a favourable 
reaction to the lightness of the steering, but also to a 
certain amount of difficulty in positioning the car and 
judging the amount of effort required. It should be re- 
membered, however, that the difference in males' and females' 
mean scores on NFactor 3A, "willingness to manoeuvre in 
traffic" was not significant, and that it is the linear com- 
bination of scores on all the variables associated with the 
function which enables a discrimination to be made between 
groups. 
4.4.10 DISCRIMINANT ANALYSIS 2. DISCRIMINANT VARIABLES 
WERE NFACTORS 1B - 16B FROM ROAD-RUN 1 (STANDARD 
POWER STEERING IN USE). EXPERIMENTAL GROUPS WERE 
MALES AND FEMALES. 
The means and standard deviations of groups' scores on 
NFactors 1B.. to l6B are given in Table 2 of Appendix N, where 
it can be seen that, in general, the differences between 
group means on each variable were relatively small and there 
was a moderate amount of variability in scores within groups. 
Mean scores on NFactor 1B, "Fine steering reversals", were 
more extreme however, and a high degree of variability on 
this variable was seen for both groups. The univariate F 
ratios computed for each variable indicate that the differences 
between groups' scores on NFactors 3B, 4B and 13B were signifi- 
cant at the 5% level. The binomial probability of three such 
significant results from a total of sixteen F tests is approxi- 
mately . 04, suggesting that this was not a purely 
chance 
result . 
A list of the highest loading discriminant variables associ- 
ated with the single function derived in the second analysis, 
their standarized weighting coefficients and the values of 
the group centroids on the function, are given in 
Table 10. 
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TABLE 10. Discriminant variables (NFactors from Road-run 1) 
standardized weighting coefficients and group 
centroids associated with the single function 
derived in Discriminant Analysis 2. 
Variable Variable Name Standardized 
Weight 
NFactor 3B 
NFactor 4B 
INFactor lOB 
INFactor 88 
NFactor 16B 
Coarse steer, time, M1 and 
Test Area to Ampthill 
Coarse steer, fine steer, 
Kempston Town 
Time, coarse steer, fine 
steer, Ampthill to Flitwick 
Time, coarse steer, fine 
steer, Bedford Ampthill Road 
Time, coarse steer, fine 
steer, Bedford 
NFactor lB Fine steering wheel reversals 
Group Centroids: Group 1 (Males) - . 60 
Group 2 (Females) . 60 
. 78 
. 58 
- . 53 
- . 44 
- . 40 
. 28 
From Table 11 it can be seen that the canonical correlation 
for the function was . 52, which indicates that approximately 
27% of the variance in discriminant scores is accounted for 
by the 'groups' variable. The value of Wilk's Lambda and 
associated Chi-square statistic indicate that the function 
was significant at the two percent level, p= . 013. It was 
possible to correctly classify 74% of males and 76% of fe- 
males on the basis of the single discriminant function. 
Table 11. Eig envalue, p ercent of trace, canonical correlation, 
Wil k's Lambda and Chi-s quare statistic for the sin- 
gle function derived in Discriminant Analysis 2. 
Eigen- 
value 
Percent 
of Trace 
Canonical 
Correlation 
Wilk's 
Lambda 
Chi- D. F. 
square 
Signifi - 
cance 
. 36 100 . 52 . 
73 28.2 14 p= . 013 
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The values of the group centroids shown in Table 10 indicate 
that males were associated with high negative scores on the 
function and that females were associated with high positive 
scores. Thus, males were associated with making fewer coarse 
steering wheel reversals and driving more quickly over 'fast' 
sections of the route (Ml and trunk roads) , with making fewer 
steering reversals in Kempston (an urban, 48 k/h, section of 
the route), driving more slowly and making more reversals 
from Ampthill to Flitwick and in Bedford Ampthill Road (both 
48 k/h suburban sections of the route), with driving more 
slowly and making more reversals in Bedford itself (urban 
48 k/h), and with making fewer fine steering reversals. 
Females' high positive scores were associated with making 
many coarse steering reversals and driving more slowly on 
the 'fast' sections of the route, making more steering 
reversals in Kempston (urban 48 k/h), driving more quickly 
and making fewer steering reversals from Ampthill to Flitwick 
and in Bedford Ampthill Road (both suburban, 48 k/h, sections 
of the route), driving more quickly and making fewer steering 
reversals in Bedford itself (urban 48 k/h), and making more 
fine steering reversals. 
It is interesting to note that, although female subjects 
tended to drive more slowly and made more steering wheel 
reversals on fast straight roads, they drove f aster and made 
fewer steering reversals on urban and suburban sections of 
the route than did the male subjects. 
The relationship between speed and the number of steering 
reversals made is the same for both males and females, 
slower speeds being associated with greater numbers of both 
coarse and fine steering reversals. Although females tended 
to make a greater number of fine steering reversals overall 
than males, it should be remembered that there was a very 
high degree of variability in subjects' scores on this vari- 
able (NFactor 1B), and that its univariate F ratio was non- 
Significant. 
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4 .4 . 11 . DI SCRI HI NANT ANALYSIS 3. DISCRIMINANT VARIABLES 
WERE NFACTORS 1C - 7C FROM TEST-TRACK 1 (STANDARD 
POWER STEERING IN USE). EXPERIMENTAL GROUPS WERE 
MALES AND FEMALES. 
The means and standard deviations of groups' scores on 
NFactors IC to 7C are given in Table 3 of Appendix N, where 
it can be seen that the differences between groups' mean 
scores on these variables were relatively small and the 
variability in scores was relatively high. Mean scores on 
NFactors 2C, 6C and 7C were, however, more extreme, and the 
univariate F ratios for these variables were significant at 
the 5% level. The binomial probability of three such sig- 
nificant results from a total of seven F tests is approximately 
. 004, indicating that this was not a purely chance result. 
A list of the highest loading discriminant variables associ- 
ated with the single function derived in the third analysis, 
their standardized weighting coefficients and the values of 
the group centroids on the function are given in Table 12. 
From Table 13, it can be seen that the canonical correlation 
for this function was . 53, which indicates that approximately 
28% of the variance in discriminant scores is accounted for 
by the 'groups' variable. The value of Wilk's Lambda and 
associated Chi-square statistic indicate that the function 
was significant at the . 1% level. It was possible to 
correctly classify 86% of males and 68% of females on the 
basis of the single discriminant function derived. 
The values of the group centroids shown in Table 12 indicate 
that males were associated with high positive scores on the 
function and that females were associated with high negative 
scores. Thus, females were associated with driving more 
slowly on all trials, hitting more cones, 
(that is, driving 
less accurately), and to a lesser extent, making 
fewer 
steering reversals and subsidiary task responses. 
Males, 
on the other hand, were associated with driving 
faster and 
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more accurately than females, making more steering reversals 
and making more subsidiary task responses. The univariate F 
ratios for the steering reversals and subsidiary task vari- 
ables indicate that males' and females' scores on these vari- 
ables were not significantly different. 
TABLE 12. Discriminant variables (NFactors from Test-track 
1), standardized weighting coefficients and croup 
centroids associated with the single function 
derived in Discriminant Analysis 3. 
Variable Variable Name 
NFactor 2C Time, all trials 
NFactor 7C Cones, trial 7 
NFactor 6C Cones, trial 8 
NFactor 4C Coarse steer, fine steer, 
subsidiary task, trial 2 
NFactor 1C Fine steer, all trials 
NFactor 3C Subsidiary task, all trials 
NFactor 5C Coarse steer, trials 7,6,4,2 
(clockwise) 
Group Centroids: Group 1 (Males) 
Group 2 (Females) 
. 61 
- . 61 
Standardized 
Weight 
- . 84 
- . 71 
- . 46 
. 16 
. 15 
. 13 
. 08 
TABLE 13. Eigenvalue, percent of trace, canonical correlation, 
Wilk's Lambda and Chi-square statistic for the sin- 
gle function derived in Discriminant Analysis 3. 
Eigen- 
value 
Canonical 
Correlation 
Percent 
of Trace 
Wilk' s 
Lambda 
Chi- 
Square 
Signi- D. F. f icance 
. 38 . 53 100 . 
72 30.5 7p<. 001 
It is interesting to compare the percentage of cases correctly 
classified for males and females, which were 86% and 68% re- 
spectively. This reflects the greater variability present in 
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females' scores and indicates that many females drove in a 
similar way to males on the test-track. 
4.4.12 DISCRIMINANT ANALYSIS 4. DISCRIMINANT VARIABLES 
WERE NFACTORS 1A - 19A, lB - 16B, 1C - 7C FROM 
QUESTIONNAIRE 'B'p ROAD-RUN 1 AND TEST-TRACK 1 
RESPECTIVELY (STANDARD POWER STEERING IN USE). 
EXPERIMENTAL GROUPS MALES AND FEMALES. 
The means and standard deviations of groups' scores on 
NFactors IA to 19A, lB to 16B, and 1C to 7C have already 
been given in Appendix N, Tables 1,2 and 3 respectively. 
The univariate F ratios computed for these variables indi- 
cate that groups' mean scores on NFactors 6A, 7A, 14A, 3B, 
4B, 13B, 2C, 6C and 7C were significantly different at the 
5% level. The probability of nine such significant results 
from a total of forty two F tests is less than . 001*, in- 
dicating that this was not a purely chance result. 
A list of the highest loading discriminant variables 
associated with the single function derived in Discriminant 
Analysis 4, their standardized weighting coefficients, and 
the values of the group centroids on the function are given 
in Table 14. 
*Since the number of F tests computed was relatively large, 
the normal approximation to the binomial was used in calcu- 
lating this probability. The formula used was the following: 
z-x- tl p 
INpq 
(Hays 1973, p305) 
where x is the number of significant F tests 
N is the total number of F tests carried out 
p is the 'significance level' of the F tests or o<- 
and q-1-p 
The obtained value of Z is then referred to the normal 
dis- 
tribution of standardized scores . 
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From Table 15, it can be seen that the canonical correlation 
for this function was . 78, which indicates that approximately 
61% of the variance in discriminant scores is accounted for 
by the 'groups' variable. The value of Wilk's Lambda and 
associated Chi-square statistic indicate that the function 
was significant at the . 1% level. It was possible to 
correctly classify 92% of males and 90'/'o of females on the 
basis of the single discriminant function derived. 
The group centroids shown in Table 14 indicate that males 
were associated with high positive scores on the function, 
and that females were associated with high negative scores. 
This suggests that males were willing to manoeuvre the car 
in traffic, made fewer coarse steering reversals and drove 
faster on the motorway and trunk roads, made more reversals 
and drove more slowly in Bedford (urban 48 k/h), found it 
difficult to position the car and to judge the effort re- 
quired, found the steering lighter and had less confidence 
at low speeds, drove faster and hit fewer cones on the test- 
track, and felt that the steering lacked sensitivity, 
responsiveness and 'feel'. 
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TABLE 14 . Discriminant variables (NFactors from Questionnaire 
'B' Road-Run 1 and Test-Track 1), standardized 
weighting 'coefficients and group centroids assoc- 
iated with the single function derived in Discrim- 
inant Analysis 4. 
Variable Variable Name Standardized 
Weight 
NFactor 3A Willingness to manoeuvre in 
traffic . 88 
NFactor 3B Coarse steer and time Ml and 
Test Area to Ampthill - . 57 
NFactor 9A Heavier steering and more con- 
f idence at low speeds, difficult 
to judge effort in sharp turns - . 52 
NFactor lA Difficult to position car and 
to judge effort required, lack 
of confidence . 48 
NFactor 2C Time, all trials - . 47 
NFactor 7C Cones, trial 7 - . 46 
NFactor 14A Returning to lane earlier, 
lack of play . 45 
NFactor 13B Time, coarse steer, fine steer 
M1 to Marston - . 38 
NFactor 7A Sensitivity, responsiveness, 
good 'feel' - . 38 
NFactor 13A Willingness to enter small gaps 
on Ml and in town, difficult to 
keep on course over uneven roads - . 36 
MFactor 4B Coarse steer, fine steer, 
Kempston Town - , 35 
NFactor 16B Time coarse steer, fine steer, 
Bedford Town . 35 
Group Centroids: Group 1 (ivlales) 1.24 
Group 2 (Females) - 1.24 
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TA13LE 15. Eigenvalue, Percent of Trace, Canonical Corre- 
lation, Wilk`s Lambda and Chi-square statistic 
for the single function derived in Discriminant 
Analysis 4. 
Eigen- 
value 
Percent 
of Trace 
Canonical 
Correlation 
Wilk` s 
Lambda 
Chi - D. F. Square 
Signifi - 
cance 
1.58 100 . 78 . 39 74.9 38 p< . 001 
Females' high negative scores imply that they were unwilling 
to manoeuvre the car in traffic, made more coarse steering 
reversals and drove more slowly on the motorway and trunk 
roads, made fewer reversals and drove more quickly in Bedford 
(urban 48 k/h), found it easy to position the car and to 
judge the effort required, found the steering heavier and 
were more confident at low speeds, drove more slowly and hit 
more cones on the test-track, and felt that the steering was 
sensitive, responsive and had good 'feel'. 
The above suggests that males and females did respond differ- 
ently, verbally and behaviourally, to the standard power 
assisted steering. Although males appeared to find it diffi- 
cult to position the car and to judge the effort required, 
and lacked confidence in the steering, they expressed a 
willingness to manoeuvre the car in traffic, drove faster 
and more accurately on the test area, and drove faster, 
making fewer steering reversals, on the motorway and trunk 
roads. Females, on the other hand, were associated with 
finding the steering responsive, sensitive and with good 
'feel' when manoeuvring, finding it easy to position the car, 
but expressing an unwillingness to manoeuvre in traffic, 
driving more slowly and less accurately on the test-track, 
and driving more slowly, making more steering reversals on 
the motorway and trunk roads. It should be remembered, 
however, that males' and females' scores on the individual 
NFactors included in Discriminant Analysis 4 were not signif- 
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icantly different in all cases. That is to say, it is the 
linear combination of these scores which permit a dis- 
crimination to he made between males and females rather 
than the groups' mean scores on individual variables. 
The remaining twelve discriminant analyses were carried out 
on the NFactors derived from data gathered during the second 
half of the experiment, that is, Questionnaire ' C' , Road-run 
2 and Test-track 2. In the following four analyses the 
experimental groups were again males and females. In 
Discriminant Analyses 9 to 12, the experimental groups were 
the five power steering groups, and in the final four analyses, 
the five power steering groups were further divided into males 
and females to provide ten experimental groups. It is import- 
ant to remember that in each of the following discriminant 
analyses subjects had been allocated to their respective power 
steering groups, and were, therefore, driving with an experi- 
mental power steering system, or, in the case of the control 
group, with the standard power steering system again. 
4.4.13 DISCRIMINANT ANALYSIS 5. DISCRIMINANT VARIABLES 
WERE NFACTORS 1D - 17D FROM QUESTIONNAIRE 'C', 
(EXPERIMENTAL POWER STEERING IN USE). EXPERIMENTAL 
GROUPS WERE MALES AND FEMALES. 
The means and standard deviations of groups' scores on 
NFactors 1D to 17D are given in Table 4 of Appendix N, where 
it can be seen that, in general, the differences between 
groups' mean scores on these variables were relatively small 
and the variability within groups was relatively large. Only 
one of the univariate F ratios for these variables was sig- 
nificant at the 5% level, that for NFactor 9D. The binomial 
probability of one such significant result out of seventeen 
individual F tests is approximately . 37, indicating that this 
may have been a purely chance result. 
Although it was possible to correctly classify 70% of males 
and 68% of females on the basis of the single discriminant 
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function derived in this analysis, it can be seen from 
Table 16 that the function was not significant, p= . 55. 
The canonical correlation coefficient of . 39 indicates 
that only approximately 15% of the variance in subjects' 
discriminant scores is accounted for by the 'groups' variable. 
TABLE 16. Eigenvalues, Percent of Tracer Canonical Corre- 
lation, Wilk's Lambda and Chi-square statistic 
for the single function derived in Discriminant 
Analysis 5. 
Eigen- Percent Canonical Wilk' s Chi -DF. Sig nif i- 
value of Trace Correlation Lambda Square cance 
. 18 100 . 39 . 85 14.6 16 p= . 55 
Since the function was not statistically significant, and 
because the amount of variance accounted for by the groups 
is relatively small, no attempt will be made to interpret 
this f unction. 
It is interesting to note that, whilst the present function 
was not statistically significant, that derived in Discri- 
minant Analysis 1, in which the discriminant variables were 
the NFactors from Questionnaire 'B', was significant. This 
suggests that males' and females' responses to the experi- 
mental steering systems, as reflected by their scores on the 
NFactors from Questionnaire ' C' , were different, and that 
this accounts for the reduced ability to discriminate between 
males and females seen in the present analysis. Thus, the 
effect of the different power steering systems on subjects' 
responses to Questionnaire 'C' appears to have been as great, 
or greater than, the effect of subjects' sex. This observ- 
ation is borne out by the results of subsequent analyses of 
the NFactors from Questionnaire 'C' reported below (Discri- 
minant Analyses 13 and 16) in which the experimental groups 
are defined with respect to both power steering groups and 
subjects' sex . 
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4.4.14 DISCRIMINANT ANALYSES 6. DISCRIMINANT VARIABLES 
WERE NFACTORS IE - 15E FROM ROAD-RUN 2 (EXPERI- 
MENTAL POWER STEERING IN USE). EXPERIMENTAL 
GROUPS WERE MALES AND FEMALES. 
The means and standard deviations of groups' scores on 
NFactors lE to 15E are given in Table 5 of Appendix N, where 
it can be seen that, in general, the differences between 
groups' mean scores were relatively small and the variability 
of scores within groups was relatively large. Mean scores on 
NFactor IE, however, "Fine steering reversals" were more 
extreme, and the variability of both males' and females' 
scores on this variable was extremely high. The univariate 
F ratios for group means on NFactors 2E, 4E and 9E were 
significant at the 5% level. The binomial probability of 
three such significant results out of a total of fifteen 
individual F tests is approximately . 03, indicating that 
this was not a purely chance result. 
A list of the highest loading discriminant variables assoc- 
iated with the single function derived in Discriminant 
Analysis 6, their standardized weighting coefficients and 
the values of the group centroids on the function are given 
in Table 17. 
From Table 18, it can be seen that the canonical correlation 
coefficient for the function was . 45, which indicates that 
approximately 20% of the variance in discriminant scores is 
accounted for by the 'groups' variable. The value of Wilk's 
Lambda and associated Chi-square statistic indicate that the 
function was marginally significant, p= . 06. It was 
possible to correctly classify 72% of males and 66% of fe- 
males on the basis of the single function derived. 
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TABLE 17. Discriminant variables (NFactors from Road-run 
I) standardized weighting coefficients and group 
centroids associated with the single function 
derived in Discriminant Analysis 6. 
Variable Variable Name Standardized 
\Veight 
NFactor 2E 
NFactor 7E 
NFactor 3E 
NFactor 6E 
INFactor 14E 
{NFactor 13E 
Coarse steer, especially 
straight roads 
Driving fast and making many 
coarse steering reversals 
Time, coarse steer, fine steer, 
Kempston to Bedford and Bedford 
Time, coarse steer, fine steer, 
Ampthill 
Time, coarse steer, fine steer, 
Ampthill to Flitwick 
Slow drivers, trunk roads, Ml, 
suburban 
NFactor 8E Time, coarse steer, fine steer, 
Kemoston roundabout 
NFactor 1E Fine steer 
Group Centroids: Group 1 (Males) - . 50 
Group 2 (Females) . 50 
. 99 
- . 53 
- . 42 
- . 39 
- . 37 
- . 24 
. z2 
. 21 
TABLE 18. Eigenvalue, Percent of Trace, Canonical Corre- 
lation, Milk's Lambda and Chi-square statistic 
for the single function derived in Discriminant 
Analysis 6. 
Eigen- 
value 
Percent 
of Trace 
Canonical 
Correlation 
Wilk's 
Lambda 
Chi- D. F. Square 
Signifi- 
cance 
. 25 100 . 45 . 
80 20.6 12 p= . 06 
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The values of the group centroi ds shown in Table 17 indicate 
that males were associated with moderately high negative 
scores on the function and that females were associated with 
moderately high positive scores. Thus, males were character- 
ised by making fewer coarse steering reversals and driving 
more slowly on the motorway and trunk roads, driving faster 
and making many coarse steering reversals on some sections 
of the route, driving more slowly and making many steering 
reversals in urban areas, and making fewer fine steering 
reversals generally. Females, on the other hand, were assoc- 
iated with making more coarse steering reversals and driving 
faster on the motorway and trunk roads, with driving more 
slowly and making fewer coarse steering reversals on some 
sections of the route, driving faster and making fewer 
steering reversals in urban areas, and with making more fine 
steering reversals generally. 
A comparison of the results of Discriminant Analysis 6 and 
Discriminant Analysis 2, indicates that the ability to dis- 
criminate between males and females on the basis of the 
NFactors derived from Road-run 2 data is somewhat reduced 
from that possible on the basis of the NFactors derived from 
Road-run I data Whereas in the analysis of the NFactors from 
Road-run I. males were associated with driving faster than 
females on the motorway and on trunk roads, and at the same 
time making fewer coarse steering wheel reversals, in the 
present analysis, males were associated with driving more 
slowly than females on the motorway and trunk roads although 
still making fewer coarse steering wheel reversals. In both 
discriminant analyses, however, females tended to make more 
fine steering wheel reversals overall than did the males, 
although in neither analysis was the univariate F ratio for 
this variable (NFactor 1E) significant. The relationship 
between speed and steering wheel reversals 
(faster speeds 
being associated with fewer reversals) noted for 
both males 
and females in the analysis of the NFactors from Road-run 
1, 
does not hold in the present analysis. Thus, over some 
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sections of the route, slow driving is associated with many 
coarse and fine steering reversals, whilst at other times a 
negative relationship between speed and coarse steering wheel 
reversals is seen. 
It appears, theref ore, that different types of power steering 
were havi nq an effect on the way males and females drove . 
The nature of these effects will be seen more clearly from 
the results of later analyses . 
4.4.15 DISCRIMINANT ANALYSIS 7. DISCRIMINANT VARIABLES 
WERE NFACTORS 1F - 7F FROM TEST-TRACK 2 (EXPERI- 
MENTAL POWER STEERING IN USE). EXPERINIENTAL GROUPS 
WERE MALES AND FEMALES. 
The means and standard deviations of groups' scores on 
NFactors IF to 7F are given in Table 6 of Appendix N, where 
it can be seen that the differences between groups' mean 
scores on the variables were relatively small and the vari- 
ability in scores, especially amongst females, was relatively 
high. The univariate F ratios for these variables indicate 
that groups' mean scores on NFactors 2F, 5F and 6F were 
significantly different at the 5% level. The binomial pro- 
bability of three such significant results from a total of 
seven individual F tests is approximately . 004, indicating 
that this was not a purely chance result. 
A list of the highest loading discriminant variables associ- 
ated with the single function derived in Discriminant Analysis 
7, their associated standardized weighting coefficients, and 
the values of the group centroids on the function are given 
in Table 19. 
From Table 20, it can be seen that the canonical correlation 
coefficient for the function was . 56, which indicates that 
approximately 31% of the variance in discriminant scores is 
accounted for by the 'groups' variable. The value of Wilk' s 
Lambda and associated Chi-square statistic indicate that 
the 
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function was significant at the . 1% level . It was possible 
to correctly classify 78% of males and 72% of female subjects 
on the basis of the' single discriminant function derived. 
The values of the group centroids shown in Table 19 indicate 
that males were associated with high positive scores and that 
females were associated with high negative scores on the 
function. Thus, males were associated with driving faster 
and more accurately on the test-track, with making more 
steering reversals on trial one, and with making more sub- 
sidiary task responses. Conversely, females were associated 
with driving more slowly and less accurately, making fewer 
steering reversals on trial one and responding less frequently 
to the subsidiary task. It should be remembered, however, 
that the differences between males' and females' scores on the 
steering reversals and subsidiary task variables (NF actors IF, 
3F, 4F and 7F) were non-significant. 
TABLE 19. Discriminant Variables (NF actors from Road-run 1) 
Standardized weighting coefficients and group 
centroids associated with the single function 
derived in Discriminant Analysis 7. 
Variable 
NFactor 2F 
NFactor 5F 
NFactor 4F 
NFactor 6F 
NFactor 3F 
Variable Name 
Standardized 
Weight 
Time, all trials 
Cones, trial 3 
Coarse steer, fine steer, trial 1 
Cones, trial 1 
Subsidiary task all trials 
- . 95 
- . 66 
. 51 
- . 29 
. 25 
Group Centroids: Group 1 (Males) . 67 
Group 2 (Females) - . 67 
183 
TABLE 20. Eigenvalues, Percent of Trace, Canonical Corre- 
lation, Wilk' s Lambda and Chi-square statistic 
for the single function derived in Discriminant 
Analysis 7. 
Eiqen- 
value 
Percent 
of Trace 
Canonical 
Correlation 
Wilk's 
Lambda 
Chi- 
D. F 
square 
Signifi- 
cance 
. 46 100 . 56 . 69 35.6 7 p< . 001 
A comparison of Tables 19 and 12 indicates that the results of 
the present analysis and that performed on the NFactors from 
Test-track 1 are almost identical. The close correspondence 
between the results of these two analyses suggests that the 
sex of the subject has a more powerful effect on test-track 
performance than the type of power steering in use. The 
results of the discriminant analyses performed on Test-track 
I and Test-track 2 data contrast with the results of the 
analyses performed on the NFactors from Questionnaires 'B' 
and 'C' which indicated that the effects of the different 
power steering systems tended to obscure the effects of sex 
on subjects' questionnaire responses. The relative import- 
ance of the subjects ` sex and the type of power steering in 
use is made clearer by the results of subsequent discriminant 
analyses. 
4.4.16 DISCRIMINANT ANALYSIS 8. DISCRIMINANT VARIABLES WERE 
NFACTORS 1D - 7F FROM QUESTIONNAIRE 'C', ROAD-RUN 2 
AND TEST-TRACK 2 (EXPERIMENTAL POWER STEERING IN USE). 
EXPERIMENTAL GROUPS WERE MALES AND FEMALES. 
The means and standard deviations of groups' scores on NFactors 
1D to 17D, lE to 15E and IF to 7F have already been given in 
Appendix N, Tables 4,5 and 6 respectively. Univariate F tests 
indicate that groups' mean scores on NFactors 9D, 2E, 4E, 9E, 
2F, 5F and 6F were significantly different at the 5% level. 
The probability of seven such significant results from a total 
of thirty nine individual F tests is less than . 
001, indicating 
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that this was not a purely chance result. (The normal 
approximation to the binomial was used to calculate this 
probability. ) 
A list of the highest loading discriminant variables 
associated with the single function derived in Discriminant 
Analysis 6, their standardized weighting coefficients and 
the values of the group centroids on the function are given 
in Table 21. 
From Table 22 it can be seen that the canonical correlation 
coefficient for the function was . 67, which indicates that 
approximately 45% of the variance in discriminant scores is 
accounted for by the 'groups' variable. The value of Wilk's 
Lambda and associated Chi-square statistic indicate that the 
function was significant at the . 1% level. It was possible 
to correctly classify 84% of males and 82% of female sub- 
jects on the basis of the single function derived. 
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TABLE 21. Discriminant Variables (fNFactors from Question- 
naire 'C', Road-run 2 and Test-track 2), 
standardized weighting coefficients and group 
centroids associated with the single function 
derived in Discriminant Analysis 8. 
Variable Variable Name 
NFactor 2F Time, all trials 
NFactor 4F Coarse steer, fine steer, 
trial 1 
NFactor 5F Cones, trial 3 
NFactor 15D More effort when cornering hard, 
feeling more frustrated 
NFactor 9D Holding back less, lack of 
'feel', more confidence at high 
speeds than low speeds 
NFactor 10D Sensitivity, responsiveness, 
easy to position 
NFactor 2E Coarse steer, straight roads 
NF actor 17D Forcefulness of return to 
straight ahead, confidence at 
low speeds, steering too light 
at higher speeds 
NF actor 9E Time, coarse steer, fine steer, 
Bedford to Test Area 
NFactor 1D Difficult to judge effort re- 
quired, tendency to oversteer, 
difficult to get used to 
NFactor 3F Subsidiary task all trials 
Standardized 
Weicjht 
- . 81 
. 64 
- . 55 
- . 42 
- . 41 
. 38 
- . 36 
- . 31 
- . 26 
- . 26 
. 20 
Group Centroids: Group 1 (Males) . 90 
Group 2 (Females) - . 90 
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TABLE 22. Ei envalue, Percent of Trace, Canonical Corre- 
lation, Wilk's Lambda and Chi-square statistic 
for the single function derived in Discriminant 
Analysis 8. 
Fig en- 
value 
Percent 
of Trace 
Canonical 
Correlation 
W'ilk's 
Lambda 
Chi- 
D. F. 
square 
Signifi- 
cance 
. 83 100 . 67 . 55 55.6 12 p< . 001 
The values of the group centroids given in Table 21 indicate 
that males were associated with high positive scores on the 
function and that females were associated with high negative 
scores. Although all the NFactors derived from the data 
from the second half of the experiment were included in the 
present analysis, it can be seen from Table 21 that those 
NFactors derived from Test-track 2 data were the most import- 
ant in discriminating between the experimental groups. This 
was to have been expected, however, since Discriminant Analysis 
7, performed on the NF actors from Test-track 2, provided the 
most effective discriminant function of any of the preceeding 
three analyses of NF actors from the second half of the experi- 
ment. Thus, males were associated with driving faster and 
more accurately on the test-track, with making more steering 
reversals on trial one, and with responding more frequently 
to the subsidiary task. Females were associated with 
driving more slowly and less accurately on the test-track, 
with making fewer reversals on the first trial and with 
responding less frequently to the subsidiary task. 
In terms of the NF actors from Questionnaire 'C' and Road-run 2, 
males were associated with there being less effort required 
when cornering hard, holding back more, feeling that the 
steering lacked sensitivity, responsiveness and was difficult 
to position, making fewer coarse steering reversals on 
straight roads, finding the steering returned less force- 
fully to the straight ahead position, driving faster and 
making fewer steering reversals on the last section of the 
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route and finding it difficult to judge the effort required 
to steer the car. Females, on the other hand, were associated 
with there being more effort required when cornering hard, 
holding back less, finding that the steering was sensitive, 
responsive and easy to position, making more coarse steering 
reversals on straight roads, finding that the steering re- 
turned more forcefully to the straight ahead position, 
driving more slowly and making more steering reversals on 
the last section of the route and finding it difficult to 
judge the effort required to steer the car. Again it must 
be remembered that groups' mean scores on individual NFactors 
were, in many cases, not significantly different, and it is 
the linear combination of scores which enables groups to be 
discriminated rather than group means on individual variables. 
Although the inclusion of the NFactors from Questionnaire 'C' 
and Road-run 2 in the present analysis enabled more effective 
discrimination to be made between the experimental groups 
than that provided in the previous analysis of Test-track 2 
data alone, in that a greater percentage of subjects were 
correctly classified, it is difficult to interpret the 
contribution made by these variables . As noted previously, 
the differences in subjects' responses to the various ex- 
perimental power steering systems in terms of the Question- 
naire items and their driving on Road-run 2 seem to have 
been greater than those due to subjects' sex. It will be 
seen from the results of the following analyses that males 
and females did indeed react differently to the experimental 
power steering systems. 
The following four discriminant analyses, reported below, 
were also carried out on the NF actors derived from Question- 
naire 'C', Road -r. un 2 and Test-track 2 data. The experimental 
groups definedfor Discriminant Analyses 9 to 12 inclusive 
are ref erred to as power steering groups 1 to 5. Power 
steering group one contains the ten male and ten female 
subjects assigned to the Fitted Load Spring Heavy system. 
Power steering group two contains the ten male and ten 
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female subjects assigned to the Fitted Load Spring Light 
System. Power steering group three contains the ten male 
and ten female subjects assigned to the Speed Proportional 
Feel system. Power steering group four contains the ten 
male and ten female subjects assigned to the Conventional 
Reaction system. Finally, power steering group five contains 
the ten male and ten female subjects who drove with the 
standard power steering system in both halves of the experi- 
ment and who formed the Control group. 
The inclusion of five experimental groups in Discriminant 
Analyses 9 to 12 means that a maximum of four discriminant 
functions can be derived. 
4.4.17 DISCRIMINANT ANALYSIS 9. DISCRIMINANT VARIABLES 
WERE NFACTORS 1D - 17D FROM QUESTIONNAIRE 'C' 
(EXPERIMENTAL POWER STEERING IN USE). EXPERI- 
MENTAL GROUPS WERE POWER STEERING GROUPS 1-5. 
The means and standard deviations of groups' scores on 
NFactors 1D to 17D are given in Table 7 of Appendix N, where 
it can be seen that the differences between groups' mean 
scores were relatively small, and the variability in scores 
was relatively large, and roughly comparable, for each group. 
The univariate F ratios indicate that only groups' mean 
scores on NFactor 5D were significantly different, p<. 05. 
The binomial probability of one such significant F ratio 
from a total of seventeen tests is approximately . 37, indi- 
cating that this is likely to have been a purely chance 
result. 
Although it was possible to correctly classify 48% of sub- 
jects on the basis of the four functions derived in Discrim- 
inant Analysis 9, it can be seen from Table 23 that none of 
the functions reached statistical significance. The canon- 
ical correlation associated with the first, and therefore 
most important, discriminant function was . 52, which in- 
dicates that approximately 27% of the variance in discriminant 
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scores is accounted for by the 'groups' variable. Reference 
to Table 16 shows that for the single f unction derived in 
Discriminant Analysis 5, which sought to discriminate be- 
tween males and females on the basis of the Questionnaire 
'C' NFactors, approximately 15% of the variance in discri- 
minant scores was accounted for by the experimental groups. 
Considered together, therefore, the results of Discriminant 
Analyses 5 and 9 suggest that a relatively small proportion 
of variance in subjects' scores on Questionnaire 'C' is 
accounted for by the subject's sex or the power steering 
group to which he was assigned, although more variance is 
accounted for by the power steering system than by the 
subject's sex. This finding is supported by a later analysis 
in which the experimental groups were defined in such a way 
as to represent both sex and the power steering system to 
which the subject was allocated. 
TABLE 23. Eigenvalue, Percent of Trace, Canonical Cor- 
relation, Wilk's Lambda and Chi-square 
statistics for the four functions derived 
in Discriminant Analysis 9. 
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Since none of the functions derived in Discriminant Analysis 9 
were statistically significant, no attempt will be made to 
interpret the results of this analysis. 
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4.4.18 DISCRIMINANT ANALYSIS 10. DISCRIMINANT VARIABLES 
WERE NFACTORS 1E - 15E FROM ROAD-RUN 2 (EXPERIMENTAL 
POWER STEERING IN USE). EXPERIMENTAL GROUPS WERE 
POWER STEERING GROUPS 1-5. 
The means and standard deviations of groups' scores on 
NFactors 1E to 15E are given in Table 8 of Appendix N, where 
it can be seen that the differences between groups' mean scores 
were relatively small, and the variability in scores was 
relatively large, and roughly comparable, for each group. 
The univariate F ratios indicate that groups' mean scores on 
NFactors 2E and 9E were significantly different at the 5% 
level. The binomial probability of two such significant 
results from a total of fifteen F tests is approximately . 12, 
indicating that this may have been a chance result. P air- 
wise comparisons* of NFactor 2E means suggest that the Control 
group's mean score was significantly different from those of 
the Load Spring Heavy, Load Spring Light and Conventional 
Reaction group. Pair-wise comparisons of NFactor 9E means 
produced the same pattern of differences with the addition 
of a significant difference between the Load Spring Heavy 
and Speed Proportional Feel group's mean scores. 
Of the four discriminant functions derived in this analysis, 
it can be seen from Table 24 that only the first approached 
significance, p= . 08. A list of the highest 
loading dis- 
criminant variables associated with this function, their 
*The SPSS output from subprogram 'Discriminant' does not 
include the MS error term associated with univariate F 
ratios, so that it was not possible to make multiple com- 
parisons in the normal way. The simple expedient of at 
test for the difference between two means was used, therefore, 
that is : 
t= (Ml - M2) -E 
(111 M2) (See (Hays, 1973, p. 409) 
est 0" dif f 
Two-tailed tests of significance were used. 
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standardized weighti nq coeffici ents and the values of the 
group centroids on the function are given in Table 25. 
TABLE 24. Eigenvalues, Percent of Trace, Canonical Cor- 
relation, Wilk`s Lambda and Chi-square statistics 
for the four functions derived in Discriminant 
Analysis 10. 
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From Table 24 it can be seen that the canonical correlation 
associated with the first function was . 56, which indicates 
that approximately 31% of the variance in discriminant 
scores is accounted for by the 'groups' variable. It was 
possible to correctly classify an average of 47% of subjects 
over all power steering groups on the basis of the four 
functions derived, and the full classification matrix is 
shown in Table 26. A plot of the group centroids on the 
first discriminant function is shown in Figure 6. 
From Figure 6 it can be seen that the first discriminant 
function best separates group five, the Control Group, 
from 
all the other experimental groups. To some extent group 
three, the Speed Proportional Feel group, is also separated 
from groups one, two and four, the Load Spring 
Heavy, Load 
Spring Light and the Conventional Reaction groups respec- 
tively. The variables associated with the Control 
Group are 
large numbers of coarse steering wheel reversals on 
the 
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motorway and trunk roads, faster speeds and fewer steering 
wheel reversals in Ampthili, (urban 48 k/h) and from Kempston 
to Bedford (suburban 48 k/h), faster speeds from Flitwick to 
Westoning and through Westoning (rural 96 k/h and urban 48 k/h 
respectively), slower speeds and more steering reversals from 
Westoning to the M1 (trunk road), slower speeds and fewer 
coarse steering reversals on some sections of the route, and 
more fine steering wheel reversals. Variables associated 
with groups one, two and four are few coarse steering rever- 
sals on the motorway and trunk roads, slower speeds and more 
TABLE 25. Discriminant Variables (NFactors from Question- 
naire ' C' , Standardized Weighting Coefficients 
and Group Centroids associated with the first 
function derived in Discriminant Analysis 10. 
(Variable Variable Name 
NFactor 2E Coarse steer, especially 
straight roads 
NFactor 6E Time, coarse steer, fine 
steer, Ampthill 
NFactor lE Fine steer 
NFactor 10E Time Flitwick to Westoning 
Time Westoning 
NFactor 7E Driving fast and making many 
coarse steering reversals 
NFactor 3E Time, coarse steer, fine steer, 
Kempston to Bedford and Bedford 
NFactor 15E Time, coarse steer, fine steer, 
Westoninq to (, tl 
Standardized 
Weight 
Group Centroids: Group 1 Load Spring Heavy 
Group 2 Load Spring Light 
Group 3 Speed Proportional Feel 
Group 4 Conventional Reaction 
Group 5 Control Group 
. 6,9 
- . S3 
. 48 
- . 37 
- . 37 
- . 35 
. 31 
. 29 
. 60 
. 08 
. 43 
1 . 25 
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steering wheel reversals in Ampthill (urban 48 k/h) and 
Kenipston to Bedford (suburban 48 k/h), slower speeds from 
Flitwick to Westoning and through Westoning (rural 96 k/h 
and urban 48 k/h respectively), faster speeds and fewer 
steering reversals from Westoning to the Ml (trunk road), 
faster speeds and more steering reversals on some sections 
of the route, and fewer fine steering reversals. 
Although this function does not discriminate equally well 
between all of the groups, and, it must be remembered, the 
function was only marginally significant, it does give us 
some information about group five, the Control group, in 
relation to the other groups, especially groups one, two 
and four, the Load Spring Light, Load Spring Heavy and Con- 
ventional Reaction groups respectively. 
TABLE 26. Percent of cases correctly and incorrectly 
classified on the basis of the four functions 
derived in Discriminant Analysis 10. 
Actual Group Predicted Group Membership Membership 
1 23 4 5 
1 50% 5% 15% 10% 20% 
2 15% 40% 20% 10% 15% 
3 10% 15% 40% 20% 15% 
4 15% 20% 15% 35% 15% 
5 5% 5% 20% 0% 70% 
Group 1 Load Spring Heavy 
Group 2 Load Spring Light 
Group 3 Speed Proportional Fe el 
Group 4 Conventional Reaction 
Group 5 Control Group 
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-1.50 -1.00 -. 50 0.00 . 50 
I. Fitted Load Spring Heavy 
2. Fitted Load Spring Light 
3. Speed Proportional Feel 
4. Conventional Reaction 
5. Control group 
1.00 1.50 
FIGURE 6. Group centroids plotted on the first discriminant 
_function 
from Discrimi nant Analysis 10. 
Thus the Control Group, whilst not driving more slowly than 
the other groups on the motorway or trunk roads, were assoc- 
iated with making more coarse steering reversals than the 
Load Spring Heavy, Load Spring Light, Conventional Reaction 
Group, and, to some extent, the Speed Proportional Feel Group. 
However, on some urban and suburban (48 k/h) sections, the 
Control Group were associated with driving faster and making 
fewer steering wheel reversals than these other groups. 
There was also a tendency for the Control Group to make more 
fine steering wheel reversals overall than the other groups, 
although, as noted previously, the univariate F ratio for 
this variable (NFactor 1E) was non-significant. 
44.4.19 DISCRIMINANT ANALYSIS 11. DISCRIMINANT VARIABLES 
WERE NFACTORS IF - 7F FROM TEST-TRACK 2 (EXPERT - 
MENTAL POWER STEERING IN USE). EXPERIMENTAL GROUPS 
WERE POWER STEERING GROUPS 1-5. 
The means and standard deviations of groups' scores on 
NFactors IF to 7F are given in Table 9 of Appendix N, where 
it can be seen that the differences between groups' mean 
scores were relatively small and the variability in scores 
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was relatively large. The univariate F ratios indicate 
that croups' mean scores on the variables from Test-track 
2 were not significantly different. 
It was possible to correctly classify an average of 38% 
of subjects on the basis of the four functions derived in 
Discriminant Analysis 11. Reference to Table 27 indicates 
however, that none of these functions was statistically 
significant. 
A comparison of the results of the present analysis and 
those of Discriminant Analysis 7, in which the HFactors 
from Test-track 2 were used to discriminate between males 
and females, suggest that a greater proportion of the variance 
in subjects' scores is accounted for by the subjects' sex than 
by the power steering system to which he was assigned. Thus, 
the canonical correlation for the first and, therefore, the 
most important discriminant function from this analysis was 
. 38, which indicates that approximately 14% of the variance 
in discriminant scores was accounted for by the experimental 
TABLE 27. Eigenvalue, Percent of Trace, Canonical Corre- 
lation, Wilk's Lambda and Chi-square statistics 
for the four functions derived in Discriminant 
Analysis 11. 
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'groups' (power steering) variable. The canonical correlation 
associated with the single function derived in Discriminant 
Analysis 7 was . 56, which indicates that 31% of the variance 
in discriminant scores was accounted for by the experimental 
groups (males and females) in that analysis. 
Since none of the discriminant functions derived in Discrim- 
inant Analysis 11 were statistically significant, no attempt 
will be made to interpret the results of this analysis. 
4.4.20 DISCRIMINANT ANALYSIS 12. DISCRI; IINANT VARIABLES 
WERE NFACTORS ID - 7F FROM QUESTIONNAIRE 'C', 
ROAD-RUN 2 AND TEST-TRACK 2 (EXPERIMENTAL POWER 
STEERING IN USE). EXPERIMENTAL GROUPS WERE POWER 
STEERING GROUPS I-5. 
The means and standard deviations of groups' scores on 
NFactors 1D to 17D, IE to 15E, and 1F to 7F have already 
been given in Appendix N, Tables 7,8 and 9 respectively. 
The univariate F ratios, also reported in earlier sections, 
indicate that groups' mean scores on NFactors 5D, 2E and 9E 
were significantly different at the 5% level. The probabil- 
ity of three such significant results from a total of thirty 
nine F tests is approximately . 22, indicating that this 
is 
likely to have been a chance result. (The normal approxi- 
mation to the binomial was used to calculate this probability. ) 
Of the four discriminant functions derived in this analysis, 
it can be seen from Table 28 that the first two of these 
were significant at the 1% level .A list of the 
highest 
loading variables on these two functions, their standard- 
ized weighting coefficients, and the values of the group 
centroids on each function are given in Table 29. 
From Table 28 it can be seen that the canonical correlation 
associated with the first function was . 71, which indicates 
that 50% of the variance in discriminant scores is accounted 
for by the experimental 'groups' variable. The canonical 
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TAt3L[ 28. Ei(jenvalue, Percent of Trace, Canonical Corre- 
lation, Wilk's Lambda and Chi-square statistic 
for the four functions derived in Discriminant 
Analysis 12. 
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correlation associated with the second discriminant function 
was . 60, which indicates that approximately 
36% of- the 
variance in discriminant scores is accounted for by the 
experimental 'groups' variable. The percent of trace, that 
is, the proportion of the total variance accounted for by 
the two functions was 46% and 26% respectively. It was 
possible to correctly classify an average of 66% of subjects 
over all power steering groups on the basis of the four 
functions derived and the full classification matrix is 
given in Table 30. A plot of the group centroids on the two 
significant discriminant functions is shown in Figure 7. 
It can be seen fron Figure 7 that all the experimental groups 
are fairly well separated on di scriminant function I except 
groups two and four, the Load Spring Light and Conventional 
Reaction croups respectively . 
Thus, on the first discriminant function, the 
Load Spring 
groups and the Conventional Reaction group, that 
is, groups 
t)ne, two and four, are associated with the steering 
being 
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TABLE 29 Discriminant Variables (NFactors from Question- 
naire 'C' , Road-run 2 and Test-track 2), standard- 
ized weighting coefficients and group centroids 
associated with the first two functions derived 
in Discrirninant Analysis 12. 
Výiriable Variable Name 
Standardized 
Weight 
Function 1 
HFactor 8D Steering too light, no 
different - . 77 
NFactor 9E Time, coarse steer, fine steer, 
Bedford to Test Area - . 76 
NFactor 2E Coarse steer, especially 
straight roads - . 72 
, Factor 5F Cones, trial 3 . 60 
NFactor 10E Time Flitwick to Westoning, 
Time Westoning . 45 
NFactor 14E Time, coarse steer, fine steer, 
Ampthill to Flitwick . 45 
NFactor 16D Less play in steering, taking 
longer at mini-roundabouts . 37 
Function 2 
NFactor 8D Steering too light, no different - . 63 
NFactor 5D Driving f aster, overtaking, 
easier to control . 54 
(Factor 2D Difficult to maintain lane position, 
difficult to control during lane- 
change, lack of confidence at speed - . 47 
NFactor 8E Time, coarse steer, fine st eer 
Kempston roundabout - . 45 
hiFactor lUD Sensitive, responsive, easy to 
position . 
45 
Discriminant Function 
1 2 
Group Centroids: Group 1 Load Spring Heavy 1:. 24 . 35 
Group 2 Load Spring Light . 50 - . 25 
Group 3 Speed Prop Feel - . 60 1.25 
Group 4 Con Reaction . 42 - . 
84 
Group 5 Control Group -1.55 - . 
51 
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TABLE 30. Percent of cases correctly and incorrectly 
classified on the basis of the four functions 
derived in Discriminant Analysis 12. 
Actual Croup 
Hembership 
Predicted Group (Membership 
1 23 4 5 
1 65% 20% 10% 5% 0% 
2 15% 55% 5% 15% 10% 
3 5% 5% 75% 10% 5% 
4 10% 10% 0% 70% 10% 
5 5% 5% 20% 5% 65% 
Group 1 Load Spring Heavy 
Group 2 Load Spring Light 
Group 3 Speed Proportional Feel 
Group 4 Conventional React ion 
Group 5 Control Group 
too heavy and different, with driving faster and making 
fewer coarse steering reversals on the last section of the 
route, with making f ewer coarse steering reversals on the 
{, }1 and trunk roads, hitting more cones on trial three of 
the test-track session, driving more slowly and making more 
steering wheel reversals on a suburban section of the route, 
driving more slowly on a section of rural roads and a section 
of urban driving, and with commenting on there being less 
play in the steering . The Control group and 
Speed Proportional 
Feel group, that is, groups five and three, are associated on 
function one with finding the steering too light and no 
different, with driving more slowly and making many steering 
wheel reversals on the last section of the route, making 
more coarse steering reversals on the "Il and trunk roads, 
hitting f ewer cones on trial 3 of the test-track session, 
driving faster on a section of rural roads and a section of 
urban driving, driving faster and making fewer steering 
wheel reversals on a suburban section of the route, and with 
commenting on there being more play in the steering. 
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It is not surprising that the Load Spring Heavy group was 
associated with finding the steering "too heavy" and "dif - 
ferent", since it was indeed heavier than the standard 
power steering system which subjects drove with on Road- 
run 1. The association of the Fitted Load Spring Light 
group and the Conventional Reaction group with the vari- 
ables "too heavy" and "different" is also understandable, 
in that both systems involved some increased effort at the 
steering wheel, the former a constantly increased effort, 
the latter an increase in effort proportional to system 
pressure. 
The f act that groups five and three, the Control group and 
the Speed Proportional Feel group, were associated with 
finding the steering "too light" and "no different" is also 
not a surprising result since the Control group's standard 
power steering was in fact "no different" and, except at 
speed, the Proportional Feel system is very similar to 
standard power steering. The difference between the two 
systems is reflected in their relative positions on 
function 1, the Control group being placed closer to the 
"too light" and "no different" end than the Speed Propor- 
tional Feel group. 
It is interesting to note that both the Fitted Load Spring 
groups and the Conventional Reaction group were associated 
with driving faster and making fewer reversals on high speed 
roads, but with driving more slowly and making more reversals 
on lower speed roads, hitting more cones on the test-track 
than the Speed Proportional Feel and Control groups. The 
Load Spring and Conventional Reaction groups felt that there 
was less play in the steering, the Control group and Speed 
Proportional Feel group felt there was more play. 
Discriminant function two more effectively discriminates 
between the Conventional Reaction and the Fitted Load Spring 
Light groups whilst maintaining a good separation between all 
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groups. It can he seen from Figure 7 and Table 29, that the 
Speed Proportional Feel group and, to a lesser extent, the 
Load Spring Heavy group are associated with the steering 
being too heavy and different, with driving faster and over- 
taking more often, finding it easy to maintain lane position 
on the motorway, having confidence at speed, driving more 
quickly and making fewer reversals over a section containing 
a particularly dii ficult roundabout, finding the steering 
sensitive, responsive and easy to position. The Conven- 
tional Reaction group, Control group and Fitted Load Spring 
Licht group, were associated with the steering being too 
light and no different, driving more slowly and overtaking 
less, having difficulty maintaining lane position on the 
motorway, a lack of confidence at speed, taking longer and 
making more steering reversals at Kempston roundabout, 
finding the steering less sensitive and responsive and 
difficult to position. 
It is interesting to note that NFactor 8D, "Steering too 
light, no different", was the highest loading discriminant 
variable on both function 1 and function 2 from this analysis. 
Although the univariate F ratio was not significant, group 
means on this variable reflect exactly the positions which 
would be predicted from a knowledge of the design character- 
istics of the power steering systems. Thus, the Load Spring 
Heavy group have the most extreme negative score on this 
variable, that is, "too heavy and different", with the Con- 
ventional Reaction group and Load Spring Light group having 
less extreme negative scores. The Speed Proportional Feel 
group have an almost zero mean score on NFactor 8D, and the 
Control group an extreme positive score, that is, "too licht 
and no different". 
Although NFactor 5D contributed to the discrimination between 
Groups ("driving faster, overtaking more frequently, easier 
to control"), the absence of a 'time' factor based on objec- 
tive recording suggests that there were no real 
differences 
between groups' overall speed on 
Road-run 2. 
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The final four discriminant analyses carried out on the 
HFactors derived from data from the second half of the 
experiment were based on ten experimental groups. These 
were the five power assisted steering system groups further 
split into males and females. The subjects contained in 
the ten experimental groups were as follows: 
Group I Fitted Load Spring Heavy, Males 
Group 2 Fitted Load Spring Heavy, Females 
Group 3 Fitted Load Spring Light, ; Aales 
Group 4 Fitted Load Spring Light, Females 
Group 5 Speed Proportional Feel, Hales 
Group 6 Speed Proportional Feel, Females 
Group 7 Conventional Reaction, Ha les 
Group 8 Conventional Reaction, Fe males 
Group 9 Control Group, Males 
Group 10 Control Group Females 
Since ten experimental groups were included in each of the 
remaining discriminant analyses, it was possible to derive 
a maximum of 9 discriminant functions in each case. 
4.4.21 DISCRIMINANT ANALYSIS 13. DISCRIMINANT VARIABLES 
WERE NFACTORS 1D - 17D FRON QUESTIONNAIRE 'C' 
(EXPERIMENTAL POWER STEERING IN USE). EXPERI- 
MENTAL GROUPS WERE POWER STEERING GROUPS 1- 10. 
The means and standard deviations of groups' scores on 
tlFactors 1D to 17D are given in Table 10 of Appendix 11, 
where it can be seen that the differences between groups' 
mean scores were relatively small and the variability in 
scores was relatively large. In gener. al, female power 
steering groups were associated with more extreme mean scores 
and a higher variability than male power steering groups. 
The univariate F ratios computed for these variables were in 
all cases non-significant. 
Reference to Table 31 indicates that none of' the functions 
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derived in this analysis was statistically significant, 
although the canonical correlation and percent of trace for 
the first function indicates that approximately 40% of the 
variance in discriminant scores on the function was accounted 
for by the 'groups' variable, and that 31% of the total dis- 
criminant variance was accounted for by the first function. 
An average of 50% of subjects were correctly classified on 
the basis of the nine discriminant functions derived. 
TABLE 31. Eiyenvalue, Percent of Trace, Canonical Corre- 
lation, Wilk' s Lambda and Chi-square statistics 
for the nine functions derived in Discriminant 
Analysis 13. 
C) 
C U 
O O "-l "'-1 f. + O tJ 
C '--1 r4 R7 U 
O ro +ý U O 0E "ý 
". -I > C ". a c! ) r0 C a) 0 
U 4) UU O G-+ `1 . tý 1 N C C rn f-+ (7 C L-r '-i E "-4 U) (1) C3) 
. 67 31 . 63 . 15 160.0 153 P, = . 334 
2 . 4? _ 
19 . 54 . 26 116.1 128 p = . 768 
3 . 33 15 . 58 . 36 86.0 105 p = . 907 
4 . 23 10 . 43 . 49 71.7 84 p = . 965 
5 . 16 8 . 38 . 60 44.2 65 p = . 
974 
6 . 14 6 . 35 . 69 
31.2 48 p = . 971 
7 . 12 5 . 33 . 79 20.0 
34 p = . 963 
8 . 07 3 . 26 . 89 10.2 20 p = . 
963 
9 . 05 2 . 22 . 95 4.2 
9 p = . 899 
Taken together with the results of previous analyses of the 
NFactors from Questionnaire 'C', that is, Discriminant 
Analyses 5 and 9, it is clear that subjects' responses to 
the questionnaire alone do not provide an adequate means of 
distinguishing between males and females, the five power 
steering groups, or males and females within each power 
steering group. 
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Since the functions derived in Discriminant Analysis 13 
failed to reach significance, no attempt will be made to 
interpret the results of this analysis. 
4.. 4.22 DISCRIMINANT ANALYSIS 14. DISCRI; PI KANT VARIABLES 
WERE NFACTORS lE - 15E FROM ROAD-RUN 2 (EXPERI- 
MENTAL POWER STEERING I '1 USE). EXPERIMENTAL GROUPS 
WERE POWER STEERING GROUPS 1- lo. 
The means and standard devi ations of groups' scores on 
NFactors 1F to 15E are given in Table 11 of Appendix N, 
where it can be seen that the differences between groups' 
mean scores were relatively small and the variability in 
scores was relatively large, and roughly comparable, within 
each group. The univariate F ratios indicate that the 
differences in croups' mean scores on NFactors 2E and 9E 
were significant at the 1% level. The binomial probability 
of two such significant results from a total of fifteen F 
tests is approximately . 01, which suggests that this was 
not a purely chance result. 
11 Pair-wise comparisons of ilFactor 2E means indicate that 
Control group females differed significantly from Conventional 
Reaction males, Speed Proportional Feel males, Load Spring 
Light males and Load Spring Heavy females. Control group 
males differed significantly from males in each of the other 
power steering groups. Females in the Speed Proportional 
Feel group differed significantly from males in the Load 
Spring Heavy group, and there was a significant difference 
between males and females in the Load Spring Light group. 
Pair-wise comparisons of NFactor 9E means indicate that 
Control group males differed significantly from males and 
females in the Load Spring Heavy and Load Spring Light 
groups, and from males in the Conventional Reaction group. 
Speed Proportional Feel females differed significantly from 
males and females in the Load Spring Heavy and Load Spring 
Light groups, and males in the Conventional Reaction and 
Speed Proportional Feel groups (p < . 05 in all cases). 
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The trends which emerge from this rather complex set of 
results are that, in terms of NFactor 2E ("Coarse steer, 
especially straight roads") and NFactor 9E ("Time, coarse 
steer, fine steer Bedford to Test Area"), males tend to 
differ from females, males in the Control group tend to 
differ from males in the other power steering groups, males 
and females in the same power steering groups do not tend 
to differ, and females in different power steering groups 
do not tend to differ. 
It can be seen from Table 
functions derived in this 
marginally significant, p 
loading variables on this 
weighting coefficients an 
on the function are given 
32 that, of the nine discriminant 
analysis, only the first was 
= . 104. A list of the highest 
function, their standardized 
d the values of the group centroids 
in Table 33. 
From Table 32 it can be seen that the canonical correlation 
associated with the first discriminant function was . 70, 
which indicates that approximately 50% of the variance in 
discriminant scores is accounted for by the experimental 
'groups' variable. The proportion of the total variance 
accounted for by the first function, indicated by the percent 
of trace, was 43ö. It was possible to correctly classify 48% 
of subjects on the basis of all nine functions, and the full 
classification matrix is given in Table 34, A plot of the 
group centroids on the first function is shown in Figure 8. 
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MIKE 32. Eiyenvalues, Percent of Trace, Canonical Corre- 
lation Wilk's Lambda and Chi-s uare statistics 
for the nine functions derived in Discriminant 
Analysis 14. 
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1 . 95 43 . 70 . 16 155.9 135 p = . 10 
2 . 35 16 . 51 . 32 98.2 112 p = . 82 
3 . 24 11 . 44 . 44 71.9 91 p = . 93 
4 . 2.0 9 . 41 . 54 53.0 72 p = . 95 
5 . 16 7 . 37 . 65 37.0 55 p = . 97 
6 . 11 5 . 32 . 76 24.0 40 p = . 98 
7 . 09 4 . 29 . 84 14.8 27 p = . 97 
8 . 06 3 . 24 . 92 7.4 16 p = . 97 
9 . 03 1 . 16 . 97 2.4 7 p = . 94 
The most notable feature of Figure S is that males and females 
assigned to the sane power steering system are not necessarily 
placed close together on the discriminant function. Thus, 
males and females in the Load Spring Heavy Group (groups one 
and two), and males and females in the Load Spring Light 
Croup (groups three and four), are widely separated as are 
males and females in the Speed Proportional Feel group 
(groups five and six). Males and females form a more 
homogeneous group in the case of the Conventional Reaction 
group (groups seven and eight), and Control group (groups 
nine and ten), however. Generally, males, with the excep- 
tion of those in the Control group, tend towards negative 
scores on the discriminant function whilst females, with 
the exception of the Conventional Reaction group, tend to- 
wards positive scores. 
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TABLE 33. Discriminant Variables (tlFactors from Road- 
run 2) Standardized \Veightinq Coefficients and 
Group Centroids associated with the first 
function derived in Discriminant Analysis 14. 
Variable Variable Name Standardized Weight 
NFactor 2F Coarse steer, especially 
straight roads . 94 
NEactor 3E Time, coarse steer, fine steer 
Kempston to Bedford and Bedford - . 53 
NFactor 7E Driving fast and making many 
coarse steering reversals - . 47 
NFactor 14E Time, coarse steer, fine steer 
Arnpthill to Flitwick - . 47 
NFactor 6E Time, coarse steer, fine steer 
Ampthill - . 43 
NFactor 9E Time, coarse steer, fine steer 
Bedford to Test Area . 42 
NNFactor 1E Fine steer . 41 
Group Centroids: Group 1 Load Spring Heavy, M ales -1 . 31 
Group 2 Load Spring Heavy, Females . 27 
Group 3 Load Spring Light, !. gales - 1.24 
Group 4 Load Spring Light, Females . 21 
Group 5 Speed Proportional Feel, 
egales -. 
Group Group 6 Speed Proportional Feel, 
Females . 
Group Group 7 Conventional Reaction, 
Males -. 
Group Group 8 Conventional Reaction, 
Females - . il 
Group 9 Control Group, 11ales 1.23 
Group 10 Control Group, Females 1.42 
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TABLE 34 Percent of cases correctly and incorrectly 
classified on the basis or the nine functions 
derived i'n Discriminant Analysis 14. 
Actual Group 
Membership Predicted Group Membership 
1 2 3 4 5 6 7 8 9 10 
1 50% 20% 10% 0% 10% 0% 10% 0% 0% 0% 
2 0% 70% 0% 0% 0% 10% 0% 10% 0% 10% 
3 0% 30% 50% 0% 20% 0% 0% 0% 0% 0% 
If 0% 0% 0% 50% 0% 0% 20% 0% 20% 10% 
5 10% 0% 0% 10% 70% 0% 10% 0% 0% 0% 
6 0% 0% 10% 10% 10% 40% 10% 0% 10% 10% 
7 10W 0% 20% 20% 050 0% 30% 0% 10% 10% 
8 20% 0% 0% 10% 0% 20% 20% 10% 10% 10% 
9 0% 0% 0% 10% 0% 10% 0% 10% 60% 10% 
10 0% 20% 0% 0% 0% 20% 0% 0% 10% 50% 
1. Load Spring Heavy, Males 
2. Load Spring Heavy, Females 
3. Load Spring Light, Males 
4. Load Spring Light, Females 
5. Speed Prop. Feel, Males 
6. Speed Prop. Feel, Females 
7. Conventional Reaction, Males 
8. Conventional Reaction, Females 
9. Control group, Males 
10. Control group, Females 
-1.50 -1.00 -. 50 0.00 . 50 1.00 1.50 
I. Load Spring Heavy, Males 
2. Load Spring Heavy, Females 
, 
3. Load Spring Light, Males 
4. Load Spring Light, Females 
5. Speed Prop. Feel, Males 
6. Speed Prop. Feel, Females 
7. Conventional Reaction, Males 
8. Conventional Reaction, Females 
9. Control group, Males 
10. Control group, Females 
FIGURE 8. Group_ centroids plotted on the first discrim- 
inant function from Discriminant Anal ysis 14. 
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Hales, therefore, with the exception of those in the Control 
group, are associated with making fewer coarse steering re- 
versals on the ill and trunk roads, driving more slowly and 
making more steering reversals in urban and suburban driving, 
driving faster. and making fewer reversals on the last section 
of the route, driving f aster and making many coarse steering 
reversals on other sections of the route and making fewer 
fine steering reversals overall. Females, with the exception 
of those in the Conventional Reaction group, are associated 
with making more coarse steering reversals on the Ml and 
some trunk roads, driving faster and making fewer steering 
reversals in urban and suburban driving, driving more 
slowly and making more steering reversals on the last 
section of the route, driving more slowly and making fewer 
coarse steering reversals on other sections of the route, 
and making more fine steering reversals overall. 
A comparison of the results of the present analysis and 
Discriminant Analysis 6, in which the experimental groups 
were males and females, suggests that it is easier to 
discriminate between subjects' performance on Road-run 2 
in terms of their sex than on the basis of the power steering 
group to which subjects were assigned. Inspection of Tables 
33 and 17 indicates that the discriminant functions are 
very similar, and in both cases, males are associated with 
negative scores on the function and females are associated 
with positive scores. However, it can be seen from Figure 
7 that two power steering groups, that is, males and females 
in the Control Group (groups nine and ten), and males and 
females in the Conventional Reaction Group (groups seven 
and eight), are not well separated on the first function 
derived in the present analysis. Thus, both males and f e- 
males in the Control Group are associated with making more 
coarse steering reversals on the Ml and some trunk roads, 
driving faster and making fewer steering reversals on urban 
and suburban sections of the route, driving more slowly and 
making more steering reversals on the last section of 
the 
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route, and making more fine steering wheel reversals gener- 
ally . On the other hand, males, and to a lesser extent 
females in the Conventional Reaction group, were associated 
with making fewer coarse steering wheel reversals on the M1 
and some trunk roads, driving more slowly and making more 
reversals on urban and suburban sections, driving faster 
and making fewer steering wheel reversals on the last 
section of the route, and with making fewer fine steering 
reversals generally. Again, it should be stressed that it 
is the combination of subjects' scores on each variable 
which allows a discrimination to be made between the experi- 
mental groups rather than scores on individual factors 
which, as the univariate F ratios indicate, are not always 
significantly different. 
4.4.23 DISCRIMINANT ANALYSIS 15. DISCRIMINANT VARIABLES 
WERE NFACTORS IF - 7F FROM TEST-TRACK 2 (EXPERI- 
MENTAL POWER STEERING IN USE). EXPERIMENTAL GROUPS 
WERE POWER STEERING GROUPS 1- 10. 
The means and standard deviations of groups' scores on 
NFactors 1F to 7F are given in Table 12 of Appendix N, where 
it can be seen that the differences between groups' mean 
scores were relatively small and the variability in scores 
was relatively large, and roughly comparable, for each group. 
The univariate F ratios indicate that the differences between 
groups' mean scores on NFactors 2F and 5F were significant 
at the 5% level. The binomial probability of two such sig- 
nificant differences from a total of sevenF tests is approx- 
imately 
. 04, which suggests that this was not a purely chance 
result. 
Pair-wise comparisons of the NFactor 2F means indicate that 
the differences between females in the Speed Proportional 
Feel group and males in the Load Spring Heavy and Control 
groups, and between males in the Load Spring Light group 
and Conventional Reaction groups were significant at the 
5% level . Pair-wise comparisons of 
the NFactor 5F means 
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indicate that females in both Load Spring ; groups differed 
significantly from males in the Load Spring Liiht group, 
Speed Proportional feel group, Conventional Reaction group, 
and Control group, and from females in the Speed Proportional 
Feel group. Females in the Control group differed signifi- 
cantly from males in the Speed Proportional Feel group, 
Conventional Reaction group and Control group, and from fe- 
inales in the Speed Proportional Feel croup. These differences 
were also significant at the 5% level. 
The pattern of these differenc 
NFactor. 2F ("Time, all trialll; 
Trial 3"), male power steering 
from each other, female groups 
other and from males, and that 
tween males and females within 
es indicates that in terms of 
and NFactor 5F ("Cones, 
groups do not tend to differ 
do tend to differ from each 
some differences exist be- 
power steering groups. 
Although there were ten experimental groups in this analysis, 
there were only seven discriminant variables, NFactors 1F - 
7F, with the result that seven discriminant functions were 
derived. From Table 35, it can be seen that only the first 
of these functions reached statistical significance, p= . 003. 
A list of the highest loading variables on this function, their 
standardized weighting coefficients and the values of the 
group centroids on the function are given in Table 36. 
From Table 35 it can be seen that the canonical correlation 
associated with the first discriminant function was . 61, 
which indicates that approximately 37% of the variance in 
discriminant scores on the function is accounted for by the 
experimental 'groups' variable. The proportion of the 
total variance accounted for by the first function, indicated 
by the percent of trace, was 48%. It was possible to cor- 
rectly classify an average of 33% of subjects on the basis of 
all seven discriminant functions, and the full classification 
matrix is given in Table 37. A plot of the group centroids 
on the first function is shown in Figure 9. 
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ZAHLE 35. Eigenvalues, Percent of Trace, Canonical Corre- 
lation, Wilk's Lambda and Chi-s uare statistics 
for the seven functions derived in Discriminant 
Analysis 15. 
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1 . 60 48 . 61 . 34 97.7 63 p = . 033 
2 . 24 19 . 44 . 54 55.2 48 p = . 223 
3 . 21 17 . 42 . 67 35.6 35 p = . 441 
4 . 10 8 . 30 . 82 18.0 24 p = . 805 
5 . 05 4 . 21 . 90 9.5 15 p = . 84b 
6 . 04 4 . 20 . 94 5.5 8 p = . 699 
7 . 02 2 . 14 . 98 1.7 3 p = . 642 
It is again clear from an inspection of Figure 9, that sub- 
jects were more effectively discriminated between in terms 
of their sex than the power steering system to which they 
were assigned, when considering their test-track performance. 
Thus, all male subject croups were associated with positive 
scores and almost all of the females were associated with 
negative scores, with one group, the females in the Speed 
Proportional Feel condition, having a '1roup centroid at . 03 
on the first discriminant f unction. 
The variables associated with males' positive scores were 
hitting fewer cones on trials one and three, driving faster 
on all trials, responding more frequently to the subsidiary 
task and inakinq more steering reversals on trial 1. 
Conversely, 
females' negative scores implied hittincj more cones on trials 
one and three, drivi n] more slowly on all tri. al s, respondi nq 
less frequently to the subsidiary task-, and making fever 
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TAFLE 36 . ')i scrim;. nant Var. i alles (i1Factors from Test- 
track 2), Standardized weighting Coefficients 
and Group Centroids associated with the first 
function derived in Discriminant Analysis 15. 
Variable Variable Name Standardized 
Weight 
HF actor 5F Cones, trial. 3 - . 76 
HFactor 2F Time, all trials - . 71 
! Factor 6F Cones, trial 1 - . 44 
NFactor 3F Subsidiary task, all trials . 24 
NFactor 4F Steering wheel reversals, 
trial 1 
. 22 
Group Centroids: 
Group 1 Load Spring Heavy, Males . 42 
Group 2 Load Spring Heavy, Females -1.04 
Group 3 Load Spring Light, Males . 73 
Group 4 Load Spring Licht, Females - . 96 
Group 5 Speed Proportional Feel, Males . 45 
Group ö Speed Proportional Feel, Females . 03 
Group 7 Conventional Reaction, Males . 43 
Group 8 Conventional Reaction, Females - . 65 
Group 9 Control Group, Males 1.22 
Group 10 Control Croup, Females - . ö2 
steerin: i wheel reversals on trial I. These same variables 
appear in Table 19 associated with Discriminant Analysis 7, 
in which the Test-track 2 NFactors were analysed with respect 
to only males and females. 
Although the two Functions fron; the present analysis and 
Discriminant Analysis 7 are very similar, something can be 
said about the relative position of the power steering 
groups within the male/female groups on the function shown 
in Figure 9. 
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TA13LE 37. Percent of cases correctly and incorrectly 
classified on the basis of the seven functions 
derived in Discriminant Analysis 15. 
Actual Group Predicted Group Membership 
fiembershi p 
1 23 4 5 6 7 8 9 10 
1 40% 10% 0% 0% 30% 10% 10% 0% 0% 0% 
2 0% 40% 10% 30% 0% 0% 0% 10% 0% 10% 
3 0 1,10 0n 30% 10; ß 30/o 10 % 20% 0% 0/0 0% 
4 0% 10% 10% 30% 10% 0% 10% 20% 10% 0% 
5 20% 10% 10% 0% 0% 20% 10% 10% 20% 0% 
6 0ö 10% 10% 0% 10% 50% 10% 10% 0% 0% 
7 0% 10% 20% 10% 20% 20% 20% 0% 0% 0% 
8 0% 0% 0% 0% 20% 0% 0% 60% 0% 20% 
9 10% 0% 10% 0% 30% 0% 10% 0% 40% 0% 
10 0% 10% 10% 20% 20% 10% 0% 10% 0% 20% 
Group 1 Load Spring Heavy, Males 
Group 2 Load Spring Heavy, Femal es 
Group 3 Load Spring Light, Males 
Group 4 Load Spring Light, Femal es 
Group 5 Spee d Propor tional Feel, Males 
Group 6 Spee d Propor tional Feel, Females 
Group 7 Conv entional Reaction, M ales 
Group 8 Conv entional Reaction, F emales 
Group 9 Cont rol Grou p, Males 
Group 1 0 Control Group, Females 
For example, if the function is thought of as uni-polar, 
irrespective of the fact that males and females tend to- 
wards the extremes, power steering systems can be placed 
along a single dimension of 'steering accuracy, speed and 
spare mental capacity' . Although males on 
the whole per- 
form 'better' in this sense than females, as they are 
associated with positive scores on the dimension, 
it can be 
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24 8 6 in 39 
-1 . 50 -1 . 00 - . 50 0 . 00 . 50 1.00 1.50 
1. Load Springj Heavy, hales 6. Speed Prop. Feel, Females 
2. Load Sprincl Heavy, Females 7. Conventional Reaction, hales 
3. Load Spring Li_ ht, Males 8. Conventional Reaction, Females 
4. Load Spring Liqht, Females 9. Control group, Males 
5. Speed Prop. Feel, hales 10. Control group, Females 
FIORE 9. Group centroids plotted on the first discriminant 
function from Discriminant Anal ysis 15. 
seen that the Load Spring Heavy group is 'worse' than the 
others for female subjects, and the Conventional Reaction 
group is 'worse' than the others for males. 
Proceeding in this way, we can see that among the females, 
the Load Spring Heavy and Load Spring Light groups (groups 2 
and 4), performed least well, the Conventional Reaction and 
Control groups (groups 8 and 10), performed better, with the 
best performance among females on the new single dimension 
coming from the Speed Proportional Feel group (group 6) . 
Amoni_i the males, the Load Spring Heavy, Conventional Re- 
action and Speed Proportional Feel groups (groups 1,5 and 
7), , serf ormed least well, the Load Spring Light group 
(group 
3), performed better, with the Control group 
(group 9), 
performing best . 
'6'ithout exception, none of the power steering characteristics 
are ranked i r, the same order from 'good' to 
'bad' for the 
two sexes . 
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4.4.24 DISCRIMINANT ANALYSIS 16. DISCRIMINANT VARIABLES 
WERE NFACTORS ID - 7F FROM QUESTIONNAIRE 'C' 
ROAD-RUN 2 AND TEST-TRACK 2 (EXPERIMEHTAL POWER 
STEERING IN USE). EXPERIMENTAL GROUPS WERE POWER 
STEERING GROUPS 1- 10. 
The means and standard deviations of groups' scores on 
NFactors 1D to 17D, 1E to 15E and 1F to 7F have already been 
given in Appendix N, Tables 10,11 and 12 respectively . The 
univariate F ratios, also reported in earlier sections, 
indicate that groups' mean scores on NFactors 2E, 9E, 2F and 
5F were significant at either the 5% or 1% levels. The bi- 
nomial probability of four such significant results from a 
total of thirty nine F tests is approximately . 05, which 
indicates that this was unlikely to have been a purely chance 
resul t. 
The pattern of significant results from the pair-wise com- 
parisons of groups' mean scores on these variables which 
were reported in earlier sections, suggest that males drove 
differently from females on both Road-run 2 and Test-track 
2, that males in the Control group drove differently from 
males in the other power steering groups on the road-run, 
and that females in each of the power steering groups drove 
differently from one another on the test-track. 
Of the nine discriminant functions derived in this analysis, 
it can be seen from Table 36 that the first two f unctions 
were significant at the . 1% level, and that the 
third function 
was marginally significant, p= . 087. The canonical corre- 
lations associated with the first three functions were . 76, 
. 74 and . 65, which indicates that approximately 
58%, 55% and 
42% respectively of the variance in discriminant scores is 
accounted for by the experimental 'groups' variable. The 
proportion of the total variance accounted for by the 
first 
three functions, or the percent of trace, was 29%, 26% and 
16% respectively . 
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A list of the highest loadi. nn variables on each function, 
their standardized weighti_ncý coeff: icients and the values of 
the group centroids on each function is given in Table 39. 
it was possible to correctly classify an average of 63'ßö of 
subjects on the basis of the nine functions derived, and the 
full classification matrix is given in Table 40. In Figures 
10,11 and 12, the group centroids are plotted as cartesian 
coordinates on each pair of functions formed from the first 
three discriminant functions derived in the analysis. 
TABLE 36. Eicgenvalues, Percent of Trace, Canonical Corre- 
1ation, \\ilk' s Lambda and Chi-square statistics 
for the nine functions derived in Discriminant 
Analysis 16. 
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1 1.33 29 . 76 . 03 284.8 180 p < . 
001 
2 1.18 26 . 74 . 08 213.6 152 p = . 
001 
3 . 72 16 . 65 . 17 148.0 
126 p = . 087 
4 
. 49 11 . 
57 . 30 102.2 102 p . 
479 
5 . 34 7 . 50 . 
44 68.5 80 p . 816 
6 . 22 5 . 42 . 
59 43.9 60 p = . 942 
7 . 18 4 . 39 . 
72 27 .5 42 = . 
959 
8 
. 12 3 . 33 . 
85 13.8 26 p = . 976 
9 . 05 1 . 22 . 
95 4.1 12 p = . 982 
Although the results of previous discriminant analyses suggest 
that it is easier to discriminate between males and 
females 
than to discriminate between the five power steering groups 
on the basis of the NFactors from the second half of 
the 
experiment, the first function derived in the present analysis 
does provide an effective means of discriminating 
between the 
Power steering ciroups. 
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TABLE 39. Discriminant variables (t Factors from Question- 
naire 'C'' Road-run 2 and Test-track 2), stan- 
dardized weighting coefficients and group cen- 
troids associated with the first three functions 
derived in Discriminant Analysis 16. 
Variahie 
Function 1. 
_ 
NFactor 9[ 
t, IFactor 2F 
NFactor 8D 
NFactor 1'+[ 
NFactor 5F 
NFactor 1OD 
Function 2 
NFactor lOD 
NFactor 5F 
HFactor 2D 
'±F actor 2F 
UFactor :D 
hFactor 3F 
HFactor 4F 
Function 3 
cIFactor 101? 
ý NFactor 5D 
'Factor 6E 
+Tactor 2[) 
Factor 1L1) 
Variable Name 
Time, coarse steer, fine 
steer, Bedford to Test Area 
Coarse steer, especially 
straight roads 
Steering too light, no different 
Time, coarse steer, fine steer, 
Anpthill to Flitwick 
Cones, trial 3 
Sensitivity, response, easy to 
position 
- . 92 
- . 67 
- . 67 
. 64 
. 56 
. 46 
Sensitivity, response, easy to 
position - . 75 
! Cones. trial 3- . 69 
Difficult to maintain lane position 
difficult to control during lane- - 
changes, lack of confidence at speed 
Time, all trials - 
Holdina back less often, lack of 
feel, more confidence at high 
speeds than at low speeds - 
Subsidiary task, all trials 
Coarse steer, fine steer, trial 1 
Sensitivity and response, easy 
to position 
Driving faster, overtaking more, 
easier to control 
Time, coarse steer, fine steer, 
An pt hi ll- 
Difficult to maintain lane position, 
difficult to control during lane- 
changes, lack of confidence at hic; h 
speed - 
Less play in steering, taking 
longer at mini-roundabouts - 
. 65 
. 63 
. 61 
. 40 
. 40 
1 .? _5 
. 64 
. 57 
. 57 
. 46 
Standardized 
Weights 
6 
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TABLE 39 contd . 
Group Centroids Discriminant Function 
Groups: 123 
1 Load Spring Heavy, Males 2.06 . 41 1.54 
2 Load Spring Heavy, Females . 63 - . 22 . 03 
3 Load Spring Light, Hales . 60 1 . 36 -1.08 
4 Load Spring Light, Females . 20 -1 . 29 . 18 
5 Speed Proportional Feel, Males - . 14 1 . 15 . 14 
6 Speed Proportional Feel, Females -1.50 . 19 . 32 
7 Conventional Reaction, Hales . 34 . 34 - . 53 
8 Conventional Reaction, Females . 56 -1 . 19 -1.46 
9 Control Croup, Males -1.90 . 99 . 30 
10 Control Group, Females - . 90 -1.75 . 57 
From Figure 10 it can be seen that both males and females in 
the Load Spring Heavy group (groups 1 and 2), males and fe- 
males in the Load Spring Light group (groups 3 and 4), and 
males and females in the Conventional Reaction group (groups 
7 and 8) are associated with positive scores on the first 
function, while males and females in the Speed Proportional 
Feel group (groups 5 and 6) and males and females in the 
Control group (groups 9 and 10) are associated with negative 
scores on the first function. Although differences remain 
between the sexes within power steering groups, therefore, 
something can be said about power steering systems per se 
on the basis of the first discriminant function. 
The variables associated with the Load Spring Heavy group, 
Load Spring Light group and the Conventional Reaction group 
were driving quickly and making fewer steering wheel re- 
versals on the last section of the route 
(a trunk road), with 
making fewer coarse steering reversals on the 
1,41 and trunk roads, 
commenting on the steering's being too heavy and 
different, 
drivinq more slowly and making more steering reversals 
on a 
suburban section of the route, hitting more cones on 
trial 3 
Of the test-track, and with commenting that the steering was 
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TABLE 40 . Percent of cases correctly and incorrectly 
classified on the basis of the nine functions 
derived in Discriminant Analysis 16. 
Actual Group Predicted Group Membership 
Membership 
1 2 3 4 5 6 7 8 9 10 
1 80% 0% 10% 10% 0% 0% 0% 0% 0% 0% 
2 10% 40% 20% 10% 20% 0% 0% 0% 0% 0% 
3 0% 10% 50% 0% 10% 10% 20% 0% 0% 0% 
4 10% 10% 0% 50% 0% 0% 10% 10% 0% 10% 
5 10% 0% 10% 0% 60% 20% 0% 0% 0% 0% 
6 0% 0% 0% 0% 20% 80% 0% 0% 0% 0% 
7 0% 10% 10% 0% 0% 0% 60% 10% 10% 0% 
8 0% 0% 0% 10% 0% 0% 0% 70% 0% 20% 
9 0% 0% 10% 0% 10% 0% 10% 0% 70% 0% 
10 0% 0/0 0% 20% 0% 0% 0% 0% 10% 70% 
Groups: 
1 Load Spring Heavy, Males 
2 Load Spring Heavy, Females 
3 Load Spring Light, Males 
4 Load Spring Light, Females 
5 Speed Proportional Feel, Males 
6 Speed Proportional Feel, Females 
7 Conventional Reaction, Males 
8 Conventional Reaction, Females 
9 Control Group, Males 
10 Control Group, Females 
more responsive, more sensitive and easier to position. 
The 
variables associated with the Speed Proportional 
Feel group 
and the Control group were driving more slowly and making 
more steering reversals on the last section of the route 
(a 
trunk road), making more coarse steering reversals on 
the M1 
and trunk roads, commenting that the steering was 
too light 
and no different, driving faster and making 
fewer steering 
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More sensitive, responsive, eas- 
ier to position. More cones trial 
3. More difficult to maintain pos 
ition and control in lane-change, 
less confidence at speed. Holding 
back less, less 'feel', more con- 
fidence at high than low speeds. 
1 Load Spring 
2 Load Spring 
Heavy tales 
Heavy Females 
3 Load Spring Light Males 
4 Load Spring Light Females 
5 
Speed Prop. Feel Hales 
6 Speed Prop. Feel Females 
7 Con. Reaction Males 
Con. Reaction Females 
9 Control Group Aales 
10 
Control Group Females 
FIGURE 10. Graphic representation of discriminant func- 
tions I and 2 from Discriminant Analysis 16. 
The discriminant variables associated with 
posi tive and neg ative scores on each function 
are shown at the ends of the ap propri ate axes. 
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FIGURE 11. Graphic rep resentation of discriminant 
functions I and 3 from Di scriminant 
Analysis 16. The discriminant variables 
associated with positive and negative 
scores on each function are shown at the 
ends of the appropriate axes. 
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Function 
2.0 
6 Speed Prop. Feel Females 1 Load Spring Heavy Males 
2 Load Spring Heavy Females 
3 
Load Spring Light Males 
4Load 
Spring Light Females 
5Speed 
Prop. Feel Males 
7 Con. Reaction Males 
Con. Reaction Females 
9 
Control Group Hales 
10 
Control Group Females 
FIGURE 12. Graphic representation of discriminant functions 
2 and 3 from Discriminant Analysis 16. The dis- 
criminant variables associated with positive 
and negative scores on the function are shown 
at the ends of the appropriate axes. 
Function 
2.0 
Less sensitive, responsive, dif- 
ficult to position. Driving more 
slowly, overtaking less, dif- 
ficult to control. Slower, more 
reversals Ampthill. Difficult to 
maintain position and control in 
lane-change, less confidence at 
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reversals on a suburban section of the route, hitting fewer 
cones onthe test-track and commenting that the steering was 
less responsive, less sensitive and harder to position. 
The difference between power steering groups described above 
seemed to be based upon the reaction of groups to different 
driving situations. Thus, the Load Spring Heavy, Load Spring 
Light and Conventional Reaction groups performed differently 
on straight high speed roads, tending to drive faster and make 
fewer reversals, than the Speed Proportional Feel group and 
Control group. However, the Load Spring groups and Con- 
ventional Reaction group tended to drive more slowly and 
make more reversals on suburban, low speed, sections and to 
hit more cones on the test-track than did the Speed Pro- 
portional Feel and Control groups. 
Discriminant function 2 effectively discriminates between 
those groups which were not well separated on function 1, 
that is, groups 2,3 and 8, and groups 4 and 7. It also 
tends to discriminate between groups on the basis of sex, 
so that the males are associated with positive scores and 
females, with the exception of those in the Speed Propor- 
tional Feel group, are associated with negative scores. 
Thus, male subjects, and females in the Speed Proportional 
Feel group, tended to describe the steering as having 
little sensitivity and responsiveness, difficult to posi- 
tion, hit fewer cones on the test-track, found it easy to 
maintain their lane position and to control the car, had 
confidence in the steering at high speed, drove faster on 
the test-track, held back more often, responded more 
frequently to the subsidiary task and made more steering 
reversals on trial 1. Females, with the exception of those 
in the Speed Proportional Feel group, tended to find the 
steering sensitive and responsive, easy to position, 
hit 
more cones and drove more slowly on the test-track, 
found 
it difficult to maintain their lane position and expressed 
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a lack of confidence at speed, held back less, responded 
less frequently to the subsidiary task, and made fewer 
steering reversals 'on the first trial of the test-track 
session . 
The variables associated with a high positive score on 
function 3 are sensitivity, responsiveness, ease of posi- 
tioning, driving faster and overtaking more, ease of control, 
driving faster and making fewer steering wheel reversals in 
Ampthill, (an urban section), ease of maintaining lane 
position and confidence at high speed, and more play in the 
steering. Variables associated with a high negative score 
are a lack of sensitivity and responsiveness in the steering, 
difficulty in positioning the car, driving more slowly, 
overtaking less and difficulty in controlling the car, 
driving more slowly and making more steering reversals in 
Ampthill, difficulty in maintaining lane position and lack 
of confidence at speed, and less play in the steering. 
Discriminant function 3 seems to represent a more general 
dimension, providing an overall description of power steering 
system performance irrespective of the specific driving 
situation. Essentially, the positive scores of the male 
Load Spring Heavy group, female Load Spring Light group, 
both males and females in the Speed Proportional Feel group 
and Control group may be interpreted as generally favourable, 
while the negative scores of the males in the Load Spring 
Light group, and both males and females in the Conventional 
Reaction group may be interpreted as generally unfavourable. 
(Females' scores in the Load Spring Heavy group may be 
interpreted as neither favourable nor unfavourable on this 
general dimension) . The fact that discriminant 
function 
three was only marginally significant, p= . 087, and that 
it accounts for only 16% of the total variance, indicates 
that this function does not add greatly to the ability to 
discriminate between subjects on the basis of the NFactors 
from the second half of the study . 
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4.4.25 INTRODUCTION TO THE ANALYSIS OF VARIANCE OF TEST-TRACK 
DATA 
It was stated in the Methodology section that, in order for 
subsidiary task performance to be interpreted in terms of the 
'spare mental capacity' model, it is necessary to assume that 
performance of the subsidiary task does not affect performance 
on the primary task. It was argued that, as long as primary 
task performance remains constant, any change in the demands 
of the primary task under different experimental treatments 
will be reflected by fluctuations in subsidiary task perform- 
ance. If, however, primary task performance also varies under 
different treatment conditions, performance on the subsidiary 
task can no longer be taken as a legitimate measure of 'spare 
mental capacity' . 
Since subsidiary task responses were shown to be useful in 
discriminating between experimental groups in the previous 
analyses, it was felt to be important to investigate further 
the role of the subsidiary task variable in relation to the 
dependent and independent measures on the test-track. The 
first question to be asked of the test-track data, therefore, 
was: "Does responding to the subsidiary task affect drivers' 
performance on any of the primary task measures? " 
To answer this question, a number of analyses of variance were 
conducted on the data from both Test-track 1 and Test-track 2 
sessions. The analyses were carried out using the GENSTAT 
statistical package developed at the Rothamsted Experimental 
Station (Alvey et al, 1977) version 4.01. The GENSTAT package 
was run on the same computer at the Manchester Regional Computing 
Centre as the SPSS package used previously. All analyses were 
five-way 5x2x4x2xlO, partially hierarchical designs. The factors 
were power steering (Power), subjects' sex (Sex), order of task 
(Order), type of task, that is, subsidiary or no subsidiary 
task (Task) and subjects (Subject) respectively, the 
Subject 
factor being nested under both Power and Sex. The 
first level 
of the Order factor was defined in terms of subjects' perform- 
ance on trials 1 and 2, the second level of the 
Order factor 
was defined in terms of subjects' performance on trials 
3 and 
4, and so on to level four of the Order 
factor, which 
228 
comprised the combined data from trials 7 and 8. Each level 
of Order contained Task I 
(no subsidiary task) and Task 2 
(subsidiary task) data, therefore. All factors were consid- 
ered fixed except Subjects which was considered random. A 
schematic representation of the design appears in Table 41. 
TABLE 41 . Schematic diagram of the five-way analysis of 
variance design used to analyse data from test- 
track sessions 1 and 2. 
Al A2 A3 A4 A5 
C1 S1-S10 
[s21_530 
S41-S50 
1S61-S70 
S81-590 
ß2 
c21 S1-S1U S21-S30 S41-550 561-S70 581-59U 
D2 
O1 
c3 51-510 S21-S30 
tS41-S50 
S61-57O S81-S90 
02 
D 
C4 1 51-51U S21-S30 
[skl_sso 
S61-570 S81-S90 
02 
0 
Ci 1 511-520 S31-S40 551-560 571-580 S91-S100 
02 
C2 S11-S20 S31-S40 S51-S60 S71-580 591-S100 
02 
2 D 
C3 1 511-520 S31-S40 S51-S60 S71-S80 S91-S100 
D2 
D 
C4 1 
[st1_s20 
531-540 S51-S60 S71-580 591-5100 
D2 
el 
A= Power, B= Sex, C= Order, D= Task, S= Subjects 
Separate five-way analyses of variance were carried out for 
each of the three dependent variables, Time, Fine Steer and 
Coarse Steer, and for both Test-track 1 and Test-track 2 
sessions. The number of cones hit by subjects was not includ- 
ed in these analyses because the values of this variable were 
too small to be usedv that is, many cells contained zeroes. 
The results of the six analyses of variance are given in the 
following sections. 
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4.4.26 ANALYSIS OF VARIANCE 1. DATA ARE FROr1 TFST-TRACK 1, 
DEPFBIDFI, IT VARIABLE: TIý1E 
The summary table for Analysis of Variance 1 is given in Table 
42, where it can be seen that there were significant main 
effects of Sex, (F = 11.0, d. f. 1 and 90, p< . 01), Order (F = 
132.8, d .f. 3 and 270, P<. 01)9 and Task (F =15.69 d. f. 1 and 
90, p< . 01) , and a significant Order by Task interaction (F = 
41.6, d. f. 3 and 282, p<. 01). 
An estimate of the degree of association between dependent and 
independent variables was made for all significant effects 
following Hays (1973) p. 485, and values of the estimated index co 
are included in Table 42. 
Means for the significant effects are given in Table 43, and 
the means for the significant Order by Task interaction are 
represented graphically in Figure 13. 
Although significant, the effect of subjects' sex on mean 
driving time is relatively unimportant. The estimated degree 
of association, est 
w= 
. 09, suggests that only about 9% of the 
variance in driving time is accounted for by Sex . Inspection 
of the means ih Table 43 shows that males drove faster (that is, 
had a lower mean driving tine) than females. This confirms the 
findings of the previous discriminant analyses of test-track data . 
The overall main effect of Order can be seen to be quite strong, 
in that approximately 56% of variance in driving time is 
accounted for by the Order effect when considered across all 
levels of the other f actors (est wz = . 56) . Inspection of 
the 
means in Table 43 shows that driving speeds tended to increase 
over subsequent orders, as might be expected . However, 
the 
significant and fairly strong Order by Task interaction 
(est w2 = 
"28), indicates that the Order effect also depends upon 
the type 
of task being performed, and from Figure 13 it can be seen 
how 
these two factors interact . Although the overall effect 
of 
Order is to reduce driving time over trials, it can 
be seen that 
When the Task factor is taken into account, there is a distinct 
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TABLE 42. Summary table for Anal ysis of Variance 1. Data are 
frpp Test-track 1, dep endent variable: Time. 
Source SS DF MS F est. wZ 
Power 13493.8 4 3373.4 0.61 
Sex 60795.8 1 60795.8 11.00** 
Power x Sex 19641.8 4 4960.5 0.90 
Residual 497491.2 90 5527.7 77.49 
. 09 
Order 65498.0 3 21832.6 132.80** . 56 
Power x Order 2696.6 12 224.7 1.37 
Sex x Order 508.5 3 169.5 1.03 
Power x Sex x Order 2366.1 13 197.2 1.20 
Residual 44387.0 270 164.4 2.30 
Task 1485.1 1 1485.1 15.62** 
Power x Task 364.8 4 91.2 0.96 
Sex x Task 44.2 1 44.2 0.46 
Power x Sex x Task 727.8 4 182.0 1.91 
Residual 3554.4 90 95.0 1.33 
Order x Task 8903.2 3 2967.7 41.60** 
Power x Order x Task 836.2 12 69.7 0.98 
Sex x Order x Task 52.8.1 3 176.0 2.47 
Residual 20115.3 282 71.3 
Total s 748638.0 799 
. 12 
/ 
. 28 
**Indicates a value of F significant at the 1% level. 
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TABLE 43. Table of means for the significant main effects 
and interations from Analysis of Variance 1. 
Data are from Test-track I, dependent variable: 
Time. 
Factor Level 
Sex Males Females 107.28 124.71 
1 2 34 
Order 130.74 115.51 110.84 106.88 
No subsidiary task Subsidiary task 
Task (1) (1) 
114.63 117.36 
Task No subsidiary task Subsidiary task 
Order (1) (2) 
1 134.45 127.04 
2 115.06 115.97 
3 106.21 115.48 
4 102.81 110.94 
'plateau' between levels 2 and 3 of the Order f actor when the 
subsidiary task (Task 2) is present. Differences between all 
pairs of means* across Order were significant For both tasks, 
P <. 01, except that between Orders 2 and 3 for Task 2, i. e. 
over the 'plateau' referred to above. 
*Differences between individual means were tested by the use 
of the Newman - Keuls procedure described 
in Winer. (1971) 
Pp. 1011-196. 
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FIGURE 13. Graphic representation of the Order by Task 
interactionfrom Analysis of Variance 1. Data 
are from Test-track 1, dependent variable: Time. 
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similarly, reference to the means associated with the 
significant overall effect of Task (p < . 01, est cue = . 12) , 
indicates that subjects drove faster when no subsidiary task 
was administered. This must also be interpreted in the light 
of the Order by Task interaction depicted in Figure 13, 
however, which shows that subjects drove faster under Task 1 
conditions on some orders but not on others. Thus, subjects 
drove significantly faster when responding to the subsidiary 
task on Orders 3 and 4. The difference in subjects' driving 
speeds on Order 2 was not significant. 
The differential effect of the subsidiary task on driving 
speed with respect to Order is probably due to the fact that 
the effect of subsidiary task on Order 1 was confounded by a 
strong learning effect. That is to say, subjects were likely 
to have driven relatively slowly on the first test-track trial 
irrespective of the fact that no subsidiary task was administ- 
ered. Having become relatively familiar with the driving task 
on the first trial, subjects were able to drive significantly 
faster despite being required to respond to the subsidiary 
task on the second trial. A strong learning effect associated 
with the driving task on the first two trials would, therefore, 
account for the observed Task by Order interaction seen for 
Order 1. 
The existence of significant Task and Task by Order effects 
indicates that the presence of the subsidiary task did affect 
the primary task measure of driving time on the first test- 
track session. 
4.4.27 ANALYSIS OF VARIANCE 2. DATA ARE FROM TEST-TRACK 1, 
DEPENDENT VARIABLE: FINE STEER. 
The summary table for Analysis of Variance 2 is given 
in Table 
44, where it can be seen that there were significant overall 
main effects of Order (F= 93 . 2, d. f. 
3 and 270, p< . 01), 
Task 
(F=96.3t d. f. 1 and 90, p< . 01), and a significant 
Sex by 
Order interaction effect (F = 2.64, d. f .3 and 
270, p< . 05). 
Values of estW2were calculated as before and are also 
shown in 
Table 44 . 
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TABLE 44. Summary table for Analy sis of Variance 2. Data 
arge from Test-track 2, dep endent variable: Fine 
steer . 
Source SS DF MS F est W 
Power 1145.0 4 286.3 0.61 
Sex 0.0 1 0.0 0.00 
Power x Sex 1573.3 4 393.3 0.84 
Residual 42072.5 90 467.5 18.96 
Order 8718.9 3 2906.3 93.18** . 48 
Power x Order 347.0 12 28.9 0.93 
Sex x Order 247.1 3 82.4 2.64* . 01 
Power x Sex x Order 88.7 12 7.4 0.24 
Residual 8421.5 270 31.2 1 . 26 
Task 2'926.1 1 2926.1 96.30** . 47 
Power x Task 188.9 4 47.2 1.55 
Sex x Task 1.6 1 1.6 0.05 
Power x Sex x Task 312.4 4 78.1 2.57 
Residual 2734.6 90 30.4 1.23 
Order x Task 66.1 3 22.0 0.89 
Power x Order x Task 84.6 12 7.0 0.29 
Sex x Order x Task 38.8 3 12.9 0.52 
Residual 6953.8 282 24.7 
Totals 75921.1 799 
* Indicates a value of F significant at the 5% level. 
"Indicates a value of F significant at the 1% 
level. 
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Means for the significant effects are given in Table 45, and 
the means for the significant Se x by Order interaction are 
represented graphically in Figure 14. 
The significant overall main effect of Order is relatively 
strong, est w2= . 48, indicating that approximately 50% of 
the variance in subjects' fine steering wheel reversals is 
accounted for by the Order effect. Inspection of the means 
in Table 45 indicates that overall, the effect of Order was 
to reduce the number of fine steering reversals. 
Although the Sex by Order interaction was found just to be 
significant at the five percent level, tests carried out 
between each pair of Sex means at each level of Order failed 
to reach significance. The existence of this very weak effect 
est w= . 01, must be regarded with suspicion therefore. 
Individual tests carried out between each pair of means within 
each level of Sex, however, were significant in all cases, 
except for those of the difference in males' and females' 
fine steering reversals between Orders 2 and 3 and Orders 3 
and 4, thus confirming the existence of an Order effect. 
The overall main effect of Task was also relatively strong, 
est w2 = . 47, and reference to the table of means indicates 
that the effect of the subsidiary task (Task 2) was to increase 
the numbers of fine steering wheel reversals made by drivers. 
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TABLE 45 . Table of means for the significant main 
effects and interactions from Analysis of Variance 2. 
Data are from Test-track 1, dependent variable: 
Fine steer. 
Factor Level 
12 34 
Order 44.70 39.52 37.88 35.76 
No subsidiary task Subsidiary task 
(1) (2) 
Task 37.56 41.38 
Sex Males Females 
(1) (2) 
Order 
1 44.20 45.20 
2 40.41 38.63 
3 37.45 38.32 
4 35.83 37.70 
? 37 
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FIGURE 14. Graphic representation of the Sex by Order 
interaction from Analysis of Variance 2. Data 
are from I est-tracK 1, dependent variaole: r i. ne 
Steer. 
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4.4.28 ANALYSIS OF VARIANCE 3. DATA ARE FROM TEST-TRACK 1, 
DEPENDENT VARIABLE: COARSE STEER. 
The summary table for Analysis of Variance 3 is given in Table 
46, where it can be seen that the overall main effects of Order 
(F = 58.0, d. f .3 and 270, p< . 01), and Task (F = 16.0, d. f . 
1 and 90, p< . 01) were significant, together with two inter- 
actions, Sex by Task (F = 4.7, d. f .1 and 90, p< . 05), and 
Order by Task (F =9 . 1, d. f. 3 and 282, p< . 01). 
Means for the significant effects are given in Table 47 and the 
means for the Order by Task interaction are plotted graphically 
in Figure 15. 
The overall effect of Order was again found to be relatively 
2 
strong, ' est c) _ . 37, and inspection of the means in Table 47 
indicates that the number of coarse steering wheel reversals 
declined over Order. Each pair of these means is significantly 
different at the one percent level. 
A significant but weak Order by Task interaction, est t2 = . 07, 
also indicates that the Order effect differed with respect to 
the presence or absence of the subsidiary task, however, and 
this is shown clearly in Figure 15. Although the overall effect 
of Order is one of a steady reduction in the number of coarse 
steering reversals over subsequent orders, these is a noticeable 
'levelling off' between Orders 2 and 3 when the subsidiary task 
was administered. Furthermore, the initially lower mean number 
of reversals when the subsidiary task was administered for Order 
1 becomes a relatively higher mean number of reversals at Order 
4. When tested individually, comparisons between pairs of means 
at each level of Order were all significant for both levels of 
Task at the one percent or five percent levels. Comparisons 
between all pairs of means at each level of Task were also 
significant at the one percent or five percent level, except 
those between Orders 3 and 4 when no subsidiary task was 
administered (Task 1), and those between Orders 2 and 3 when the 
subsidiary task was administered (Task 2). 
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TABLE 46 . Summary table for Analysis of Variance 3. Data 
are from Test-track 1, dependent variable: Coarse 
steer . 
Source SS DF MS F 2 est W 
Power 36.3 4 9.0 0.13 
Sex 33.6 1 33.6 0.48 
Power x Sex 197.6 If 49.4 0.71 
Residual 6266.3 90 69.6 10.43 
Order 1245.5 3 415.1 57.98** 
Power x Order 65.8 12 5.4 0.76 
Sex x Order 13.8 3 4.6 0.64 
Power x Sex x Order 47.9 12 3.9 0.55 
Residual 1933.1 270 7.1 1.07 
Task 122.5 1 112.5 16.00** 
Power x Task 26.6 4 6.6 0.94 
Sex x Ta sk 32.8 1 32.8 4.66* 
Power x Sex x Task 58.7 4 14.6 2.08 
Residual 632.5 90 7.0 1.05 
Order x Task 182.2 3 60.7 9.10** 
Power x Order x Task 118.7 12 9.9 1.48 
Sex x Or der x Task 10.2 3 3.4 0.51 
(Residual 
1882.4 282 6.6 
{Total s 12897.2 799 
. 37 
. 12 
. 03 
. 07 
* Indi cates a value of F significant at the 
5% level. 
** Indi cates a value of F significant at the 
1% level. 
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The fact that the mean number of reversals was found to be 
significantly higher when no subsidiary task was administered 
(Task 1), than it was when subjects responded to the 
subsidiary task (Task 2) on Order 1, but not on Orders 2,3 
and 4, is again likely to have been caused by a differential 
learning effect on trials 1 and 2. That is to say, subjects 
were sufficiently familiar with the driving task on trial 2, in 
which the subsidiary task was administered, that they were able 
to make fewer steering reversals than they had made on trialA, 
when no subsidiary task was administered. 
TABLE 47. Table of means for the significant main effects 
and interactions from Analysis of Variance 3. 
Data are from Test-track 1, dependent variable: 
Coarse steer. 
Factor Level 
1 2 3 4 
Order 21 . 96 19.96 19.34 18.60 
No subsidiary task Subsidiary task 
(1) (2) 
Task 19.59 20.34 
Task No subsidiary task Subsidiary task 
Sex (1) (2) 
%les (1) 19.59 20.75 
Females (2) 19.59 19.93 
Task No subsidiary task Subsidiary task 
Order (1) (2) 
1 22.36 21 . 56 
2 19.59 20.34 
3 18 . 51 
20.18 
4 17.91 19.29 
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FIGURE 15. Graphic representation of the Order by Task 
interaction from Analysis of Variance 3. Data 
are from Test-track 1, dependent variable: 
Coarse Steer. 
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The overall main effect of Task was found to be significant, 
but relatively weaker, est wi = . 12, than that of Order. 
Inspection of the means indicates that the mean number of 
coarse steering reversals was larger when the subsidiary task 
was administered than when it was not. 
Besides the interaction with Order referred to above, there 
was also a weak Task by Sex interaction, est w2= . 03. When 
tested individually, only the difference between males' mean 
coarse steering wheel reversals on Tasks 1 and 2 was found to 
be statistically significant, p< . 01, with a higher mean 
number of reversals occurring in the presence of the 
subsidiary task. 
The presence of the subsidiary task has, therefore, been shown 
to affect subjects' coarse steering behaviour overall, and 
with respect to Order and Sex. 
4.4.29 ANALYSIS OF VARIANCE 4. DATA ARE FROM TEST-TRACK 2, 
DEPENDENT VARIABLE: TIME. 
The summary table for Analysis of Variance 4 is given in Table 
48, where it can be spen that the overall main effects of Sex 
(F = 13.4, d. f. 1 and 90, p< . 01), Order 
(F = 56.2, d. f. 3 and 
27G, p< . 01) , Task (F = 50 . 0, df. 
1 and 90, p . 01) , and the 
interaction effect Order by Task (F = 24.2, d. f. 3 and 282, 
p< . 01) were significant. 
Means for the significant effects are shown in Table 49, and 
those for the Order by Task interaction are plotted graphically 
in Figure 16. 
2 
The overall main effect of Sex was relatively weak, est u) _ . 
11, 
and it can be seen from the table of means that males 
(Sex 1) 
had shorter driving times than females (Sex. 2) . This agrees 
with the findings of both the analysis of variance of Test- 
track 1 data (Analysis of Variance 1), and the previously 
reported discriminant analyses which indicated that males drove 
faster than females on the test-track. 
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TABLE 48. Summary table for Analysis of Variance 4. Data are 
from Test-track 2, dependent variable: Time. 
** Indicates a value of F significant at the 1% level. 
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The overall main effect of Order was relatively strong, est c, o 
. 36, 
indicating that approximately 40% of the variance in 
driving time is accounted for by Order. Inspection of the 
means shows that driving times decreased steadily over Order, 
individual comparisons indicating that all pairs of means 
were significantly different, p< . 01, except that between 
Orders 3 and 4 which were non-significant. There was also a 
fairly strong Order by Task interaction, however, est 
w= 
. 18, 
which indicates that the Order effect was different with respect 
to the presence or absence of the subsidiary task. Figure 16 
shows this quite clearly, there being a significant 'levelling 
off' effect of Order for Task 2 (presence of the subsidiary 
task) . Individual comparisons of the means showed no 
significant difference between the means for Tasks 1 and 2 on 
Orders 1 and 2, but significant differences between task means 
at levels 3 and 4 of Order, p -< . 01. Within levels of Task, 
all pairs of means were significantly different at either the 
one percent or the five percent level except those between 
Orders 3 and 4 for Task 1, and those between Orders 2 and 3, 
and Orders 2 and 4 for Task 2. 
TABLE 49. Table of means for the significant main effects 
and interaction from Analysis of Variance 4. 
Data are from Test-track 2, dependent Variable: Time. 
Factor 
Sex 
Order 
Task 
Level 
Male Female 
(1) (2) 
95.4 107.2 
1234 
107.9 101.1 98.8 97.4 
No subsidiary task 
(1) 
99.2 
Task No subsidiary task 
Order (1) 
1 108.1 
2 100.6 
3 94.2 
4 93.7 
Subsidiary task 
(2) 
103.4 
Subsidiary task 
(2) 
107.7 
101.6 
103.4 
101.0 
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FIGURE 16. Graphic representation of the Order by Task 
interaction from Analysis of Variance 4. Data 
are from Test-track 2, dependent variable: Time 
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The overall main effect of Task itself was also found to be 2 
relatively strong, est W= . 33, and inspection of the means 
shows that driving times were shorter under Task 1 (no 
subsidiary task) conditions, than under Task 2 (subsidiary 
task) conditions. 
The pattern of differences emerging from Analysis of Variance 
4 is almost identical to that seen in Analysis of Variance 1 
for test-track l data. Again, significant effects of subsidiary 
task on driving times were shown. 
4.4.30 ANALYSIS OF VARIANCE 5. DATA ARE FROM TEST-TRACK 2, 
DEPENDENT VARIABLE: FINE STEER. 
The summary table for Analysis of Variance 5 is given in Table 
50, where it can be seen that the overall main effects of 
Order (F = 14.4, d. f .3 and 270, p< . 01), Task (F = 155.8, 
d. f. 1 and 90, p< . 01), and the Order by Task interaction 
(F = 3.7, d. f .3 and 282, p< . 05), were all significant. 
Means for the significant main effects and interaction are 
given in Table 51, and the means for the Order by Task 
interaction are presented graphically in Figure 17. 
The overall main effect of Order was relatively weak, est W2 = 
. 12, and inspection of the means shows a tendency for the 
number of fine steering reversals to decrease over Order. 
Individual comparisons show that the difference between all 
pairs of means are significant at the one percent or five 
percent level except that between Order 1 and Order 2 which 
is not significant. There is also a significant but weak, 
est W2 = . 03, Order by Task interaction effect, however, and 
reference to Figure 17 indicates that the effect of Order is 
different for the two tasks. Individual comparisons between 
Task means on each level of Order were all significant at the 
one percent level which confirms the existence of a significant 
overall Task effect e 
? 47 
TABLE 50. Summary table for Analysis of Variance 5. Data 
are from Test-track 2, dependent variable: Fine 
Steer . 
* Indicates a value of F significant at the 5% level. 
** Indicates a value of F significant at the 1% level. 
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For Task 1 (no subsidiary task), three pairs of Order means were 
found to be significantly different, those of Orders 1 and 3,1 
and 4, and 3 and 4. For Task 2 (subsidiary task), all pairs of 
Order means were found to be significantly different, except 
those of Order 1 and 2. Thus, while the number of fine steering 
reversals tends to decrease steadily across Order when the 
subsidiary task (Task 2) was administered, starting and finish- 
ing at a relatively high level, mean fine steering reversals 
remain relatively low under no subsidiary task (Task 1) 
conditions, rising significantly between Orders 1 and 2, and 
thereä'fter decreasing . 
TABLE 51. Table of means for the significant main effects 
and interaction from Analysis of Variance 5. 
Data are from Test-track 2, dependent variable: 
Fine steer. 
Factor Level 
1 2 3 4 
Order 34.00 34.38 32.88 31.86 
No subsidiary task Subsidiary task 
(1) (2) 
Task 31.17 35.39 
Task No subsidiary task Subsidiary task 
Order (1) (2) 
1 31 . 10 
36.93 
2 32.29 36.46 
3 31 . 24 
34.53 
4 30.05 33.66 
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FIGURE 17. Graphic representation of the Task by Order 
interaction from Analysis of Variance 5. Data 
are from Test-track 2, dependent variable: Fine 
Steer . 
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The significant overall mai2n effect of Task was found to 
be relatively strong, est u) = . 61, inspection of the means 
indicating that higher numbers of fine steering reversals were 
associated with the presence of the subsidiary task when 
considered over all levels of the other factors. 
As was the case in Analysis of Variance 2, the presence of the 
subsidiary task has been shown to affect subjects' fine 
steering behaviour . The previously seen Order by Sex inter- 
action in the analysis of Test-track 1 data, however, has been 
replaced by an Order by Task interaction in the present 
analysis. 
4.4.31 ANALYSIS OF VARIANCE 6. DATA ARE FROM TEST-TRACK 2, 
DEPENDENT VARIABLE: COARSE STEER. 
The summary table for An 
52, where it can be seen 
d. f .1 and 90, p< . 05), 
and Task (F = 57 . 2, df. 
together with a Power by 
p< . 05) . 
alysis of Variance 6 is given in Table 
that the main effects of Sex (F = 4.39 
Order (F =7 . 0, df. 1 and 270, p< . O1) , 
1 and 90, p< . 01), were significant, 
Sex interaction, (F = 2.6, d. f .4 and 90, 
Means for the significant effects are given in Table 53, and the 
means for the Power by Sex interaction are plotted graphically 
in Figure 18. 
The overall main effect of Sex was weak, est W2= . 04, and 
inspection of the means suggests that males made more coarse 
steering reversals than females. There was, however, a 
significant but weak Power by Sex interaction, est w2 = . 06, and 
it can be seen from Figure 18 that the number of coarse steering 
wheel reversals made by males and females differed with respect 
to the type of power steering in use. Individual comparisons 
of the means show that only one of the Sex means was signifi- 
cantly different at any level of power steering, that for the 
Conventional Reaction system (level 4), p< . 01, and the only 
differences within Sex were those between the Speed Proport- 
ional Feel and Conventional Reaction systems (levels 3 and 4), 
for both males and females, p< . 05. 
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TABLE 52. Summary table for Analysis of Variance 6. Data are 
from Test -track 2, dependent variable: Coarse Steer. 
Source SS DF MS F estW 
Power 12.8 4 3.2 0.08 
Sex 180.5 1 180.5 4.31* . 04 
Power x Sex 431.2 4 107.8 2.57* . 06 
Residual 3772.0 90 41.9 7.38 
Order 150.5 3 50.2 7.05** . 06 
Power x Order 54.6 12 4.6 0.64 
Sex x Order 11.1 3 3.7 0.52 
Power x Sex x Order 43.8 12 3.6 0.51 
Residual 1920.4 270 7: 1 1.25 
Task 300.1 1 300.1 57.22** . 37 
Power x Task 9.5 4 2.4 0.45 
Sex x Task 0.1 1 0.1 0.02 
Power x Sex x Task 19.2 4 4.8 0.92 
Residual 472.0 90 5.2 0.92 
Order x Task 19.5 3 6.5 1.14 
Power x Order x Task 68.7 12 5.7 1.00 
Sex x Order x Task 20.9 3 7.0 1.22 
Residual 1601.9 282 5 .7 
Totals 9089.0 799 
* Indicates a value of F significant at the 5% level. 
** Indicates a value of F significant at the 1% level. 
It is interesting that males' highest mean coarse steering 
reversals, and females' lowest mean coarse steering reversals 
occurred at the same level of power steering, the 
Conventional 
Reaction system, which was probably physically the most 
demanding system under test-track driving conditions. 
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The overall main effect of Order was also relatively' weak, 
i 
est ý1 = 0.6, inspection of the means indicating a steady 
reduction in coarse steering reversals over Order. Individual 
comparisons of means showed that all but the differences 
between Orders 1 and 2 and Orders 2 and 3 were significant 
p< . 01. 
The overall main effect of Task was relatively strong, est 
W= 
. 37, inspection of the means showing that more coarse steering 
reversals were made under subsidiary task conditions (Task 2), 
than under no subsidiary task conditions (Task 1). 
Although the results obtained in the present analysis differ 
somewhat from those of Analysis of Variance 3 (Test-track 1 
data), they do confirm the effect of subsidiary task on drivers' 
coarse steering behaviour. 
TABLE 53. Table of means for the significant main effects and 
interaction from Analysis of Variance 6. Data are 
from Test-track 2, dependent variable: Coarse steer. 
Factor Level 
Males Females 
(1) (2) 
Sex 18 . 73 17 . 78 
12 3 4 
Order 18.50 18.83 17.98 17.72 
No subsidiary ta sk Subsidiary task 
(1) (2) 
Task 16.64 18.87 
Sex Males Females 
Power (1) (2) 
1 18.74 17.64 
2 18.18 18.16 
3 17.66 18.81 
4 19.79 16 . 59 
5 19.30 17.71 
253 
20.5 
20.0 
19.5 MALES 
J 
19.0 
w 
w 
18.5 
z 
w 18.0 -ý \ w 
º- loll \ cn 
w 17.5 
Q \ý 
17.0 FEMALES 
z 
T 16.5 
16.0 
12345 
POWER 
Level 
1 Fitted Load Spring Heavy 
2 Fitted Load Spring Light 
3 Speed Proportional Feel 
4 Conventional Reaction 
5 Standard Power Steering 
FIGURE 18. Graphic representation of the Sex by Power 
interaction from Analysis of Variance 6. Data 
are from Test-track 3, dependent variable: 
Coarse Steer. 
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It is clear from the results of this and previous analyses of 
variance that the presence of the subsidiary task has, indeed, 
affected drivers' primary task performance on the test-track. 
In general, responding to the subsidiary task caused drivers to 
drive more slowly and to make greater numbers of fine and coarse 
steering reversals. It is not possible to interpret subjects' 
subsidiary task performance directly in terms of the 'spare 
mental capacity' model, therefore, as the interaction between 
primary and secondary tasks violates the assumptions described 
in the Methodology section. However, in the following section, 
analysis of covariance is employed in order to provide a means 
of adjusting subsidiary task scores for the demonstrated effect 
of subsidiary task on drivers' test-track performance. 
4.4.32 INTRODUCTION TO THE ANALYSIS OF COVARIANCE OF TEST- 
TRACK DATA 
The analysis of covariance is most commonly used as a means of 
statistical or 'after the fact' control over one or more 
extraneous variables which are thought to have affected subjects' 
performance in an experiment, and which were not controlled for 
by the experimental design. The rationale employed by the 
analysis of covariance involves estimating the linear 
relationship between variate (independent variable) and 
covariate (the uncontrolled, extraneous variable), and making 
an adjustment to subjects' scores on the independent variable 
with respect to that relationship. In effect, the analysis of 
covariance combines linear regression techniques with the 
analysis of variance. For a clear and concise account of the 
rationale and assumptions of the analysis of covariance, the 
reader is referred to Kirk (1968) chapter 12. 
Normally, the analysis of covariance is not employed when the 
experimental variable of primary interest is known to have an 
effect on the covariate, since adjusting the dependent variable 
for the effects of the covariate may, in this case, also 
remove part of the effect due to the independent variable. 
In 
the present example, however, it is still desirable 
to adjust 
subsidiary task scores for the demonstrated relationship 
between 
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primary and secondary task measures even if this reduces the 
subsidiary task effect, since it is only by this means that 
subsidiary task scores can properly be considered a measure of 
'spare mental capacity' . 
A number of analyses 
subsidiary task data 
therefore, taking as 
measures Time, Fine 
simply by specifying 
analysis of variance 
analysis of variance 
Table 41). 
of covariance were conducted on the 
from Test-track 1 and Test-track 2, 
covariates each of the primary task 
Steer and Coarse Steer. This was done 
the covariate(s) immediately before the 
directive in the GENSTAT card deck. The 
design remained exactly as before (see 
In order that the effects of adjusting the dependent variable 
for the relationship between variate and covariate can be 
clearly seen, the GENSTAT program performs an analysis of 
variance on the unadjusted dependent variable scores prior to 
each analysis of covariance. In the fdllowing sections, 
therefore, the analyses of covariance performed on the data 
from both test-track sessions are preceded by an analysis of 
variance carried out on the unadjusted subsidiary task scores. 
Comparison of the results of the analysis of variance 
conducted on the data from one or other of -the test-track 
sessions, and the results of the individual analyses of 
covariance carried out on the same data indicate the direction 
and extent of the adjustment made for the relationship between 
variate and covariate. 
A total of eight analyses of covariance were performed on the 
data from Test-track 1 and Test-track 2, the covariates Time, 
Fine Steer and Coarse Steer included singly and together for 
each set of data . 
4.4.33 ANALYSIS OF COVARIANCE 1. DATA ARE SUBSIDIARY TASK 
SCORES FROM TEST-TRACK 1, COVARIATE: TIME. 
For comparative purposes, the summary table for the analysis of 
variance carried out on the unadjusted subsidiary task scores 
from Test-track 1 is given in Table 54, and the unadjusted means 
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appear in Table 55. 
It can be seen from Table 54 that the 
only significant effect found in the analysis of variance of 
subsidiary task scores from Test-track 1 was a strong Task 
effect (F = 322.38, d .f. 1 and 90 
z 
p< . 001) , est LO = . 75. 
Such a task effect was inevitable of course, since the number 
of subsidiary task responses depends entirely upon the 
presence or absence of the task itself . 
The summary table for the first analysis of covariance 
carried out on Test-track 1 data is given in Table 56, and 
the adjusted means appear in Table 57. 
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TABLE 54. Summary table for the analysis of variance of 
subsidiary task data from Test-track I. 
Source SS DF MS F esta) 
Power 1960.6 4 490.1 0.88 
Sex 3.9 1 3.9 0.00 
Power x Sex 5507.4 4 1376.8 2.47 
Residual 50083.0 90 556.4 15.84 
Order 129.6 3 43.2 1.20 
Power x Order 515.3 12 42.9 1.19 
Sex X Order 62.2 3 20.7 0.57 
Power x Sex x Order 208.9 12 17.4 0.48 
Residual 9696.3 270 35.9 1.02 
Task 179400.5 1 179400.5 322.38** 
Power x Task 1960.6 4 490.1 0.88 
Sex x Task 3.9 1 3,9 0.00 
Power x Sex x Task 5507.4 4 1376.8 2.47 
Residual 50083.0 90 556.4 15.84 
Order x Task 129.6 3 43.2 1.23 
Power x Order x Task 515.3 12 42.9 1.22 
Sex x Order x Task 62.2 3 20.7 0.59 
(Residual 9905.2 282 35.1 
Totals 315735 .5 799 
. 75 
** Indicates a value of F significant at the 1% level. 
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TABLE 55. Table of unadjusted means from the analysis of 
variance of subsidiary task data from Test track 1. 
N. B. Only the means associated with the main effect 
of Task were found to be significantly different. 
The other means in this table are provided for 
comparison purposes with those associated with 
significant effects found in subsequent analyses 
of covariance. 
Froi 
scot 
eff 
to 1 
and 
that 
the 
powe 
of t 
test 
Factor Level 
No subsidiary task Subsidiary task 
Task (1) (2) 
0.00 29.95 
12 34 
Order 14.34 14.92 15.31 15.33 
No subsidiary task Subsidiary task 
Task (1) (2) 
Power 
1 0.00 32.80 
2 0.00 27.72 
3 0.00 33.30 
4 0.00 25.06 
5 0.00 30.86 
n Table 56 it can be seen that, when the subsidiary tas 
res are adjusted for the covari ate Time, a significant 
pct emerges, (F = 19.2, d. f .3 and 269, p4 . 01) in add 
the powerful Task effect alread y noted, (F = 282.28, d. 
89, p< . 001) . Comparison of 
Tables 54 and 56 indicat 
by adjusting subsidiary task scores for the covariate 
size of the Task effect is red uced, and is somewhat le 
ýrful, est tu = . 68. This refle cts the 
fact that the pr, 
. he subsidiary task is known to affect 
drivers' speed o 
-track . 
Order 
ition 
f. 1 
es 
Time, 
ss 
esence 
n the 
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TABLE 56 " Summary table 
for Analysis of Covariance 1. Data 
are subsidiary task scores from Test-track 1, 
covariate: Time. 
Source SS DF MS F 
Power 1504.2 4 376.0 0.80 
Sex 819.7 1 819.7 1.75 
Power x Sex 3112.9 4 778.2 1.66 
Covariates 8542.2 1 8542.2 18.30 
Residual 41540.7 89 466.7 13.34 
Order 
Power x Order 
Sex x Order 
Power x Sex x Order 
Covari ates 
Residual 
1671.2 3 
480.0 12 
75 .3 3 
98.8 12 
1906.6 1 
7789.6 269 
577.0 19.23** 
40.0 1.38 
25.1 0.86 
8.2 0.28 
1906.6 65.84 
28.9 0.82 
2 
est W 
. 13 
Task 
Power x Task 
Sex x Task 
Power x Sex x Task 
Covari ates 
Residual 
Order x Task 
Power x Order x Task 
Sex x Order x Task 
Covari ates 
Residual 
Totals 
122270.6 1 122270 .6 282.28** 
3231.1 4 807.7 1.86 
93.5 1 93.5 0.21 
4163.2 4 1040.8 2.40 
11532.5 1 11532.5 26.62 
38550.5 89 433.1 12.38 
23.0 3 7.6 0.21 
510.9 12 42.5 1.21 
70.9 3 23.6 0.67 
74.4 1 74.4 2.12 
9830.8 281 34.9 
257893.3 799 
. 68 
** Indicates a value of F significant at the 1% 
level. 
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TABLE 57. Table of adjusted means for the significant main 
effects from Analysis of Covariance 1. Data are 
subsidiary task scores from Test-track 1, 
covariate: Time. 
Factor Level 
1234 
Order 11.28 15.01 16.38 17.22 
No subsidiary task Subsidiary task 
(1) (2) 
Task 1.56 28.37 
The effect of adjusting subsidiary task scores for the covariate 
is also to make the adjusted means under the subsidiary task 
condition (Task 1) non-zero, as shown in Table 57. 
Although the significant Order effect found after adjustment 
for the covariate was relatively weak, est. W2 = . 13, it can be 
seen from Table 57 that there was a tendency for the number of 
subsidiary task responses to increase over Order. Individual 
comparisons of the Order means produced significant differences 
at the 1% level for all pairs except that between Orders 3 and 
4 which was non-significant. 
The results of this first analysis of covariance indicate that 
when the previously noted relationship between drivers' speed 
and the presence of the subsidiary task is removed, a tendency 
for drivers to respond more frequently to the subsidiary task 
as the test-track session progresses becomes apparent. 
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4.4.34 ANALYSIS OF COVARIANCE 2. DATA ARE SUBSIDIARY TASK 
SCORES FROM TEST-TRACK I, COVARIATE: FINE STEER. 
The summary table for Analysis of Covariance 2 is given in 
Table 58, where it can be seen that the overall main effect of 
Order (F = 7.0, d. f .3 and 269, p< . 01), and Task (F = 108.0, 
d. f .1 and 89, p< . 
01) were both significant . The adjusted 
means associated with these significant effects are given in 
Table 59. 
Comparison of Tables 58 and 54 indicates that the effect of 
adjusting subsidiary task scores for the covariate Fine Steer 
has been to reduce the strength of the expected Task effect 
2 from est .6_ . 75 to est . W2 = . 42 . This simply reflects the 
fact that the presence of the subsidiary task was previously 
found to affect sub. ects' fine steering frequency. A similar 
reduction in the strength of the Task effect was noted in the 
previous analyses in which Time was used as the covariate. 
Inspection of Table 59 indicates that the significant but weak 
2 
Order effect, est .W= . 05, was one of an increasing number of 
subsidiary task responses over Order . Individual comparisons 
between pairs of Order means were significant at the 1% or 5% 
levels except for those between Orders 2 and 3 and Orders 3 
and 4, which were not significant. 
The results of Analysis of Covariance 2 are similar to those 
of Analysis of Covariance 1, in that adjustment for the 
covariate resulted in a weakened Task effect, and a significant 
but relatively weak Order effect. The latter again suggests 
that drivers responded more frequently to the subsidiary task 
as the test-track session proceeded. 
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TABLE 58. Summary table for Analysis of Covariance 2. Data 
are subsidiary task scores from Test-track 1, 
covariate: Fine Steer. 
Source SS DF MS Fest W2 
Power 1898.0 4 474.5 0.90 
Sex 4.0 1 4.0 0.00 
Power x Sex 4138.0 4 1034.5 1.97 
Covariates 3367.9 1 3367.9 6.41 
Residual 46715.0 89 524.8 15.08 
Order 703.9 3 234.6 7.00** . 05 
Power x Order 470.5 12 39.2 1.17 
Sex x Order 15.9 3 5.3 0.15 
Power x Sex x Order 231.5 12 19.2 0.57 
Covariates 682.4 1 682.4 20.36 
Residual 9013.8 269 33.5 0.96 
Task 42311.1 1 42311.1 108.00** . 48 
Power x Task 2953.4 4 738.3 1.88 
Sex x Task 24.8 1 24.8 0.06 
Power x Sex x Task 3705.5 4 926.4 2.36 
Covariates 15218.3 1 15218.3 38.84 
Residual 34864.6 89 391.7 11.26 
Order x Task 132.1 3 44.0 1.26 
Power x Order x Task 526.4 12 43.8 1.26 
Sex x Order x Task 57.3 3 19.1 0.54 
Covariates 129.6 1 129.6 3.72 
Residual 9775.5 281 34.7 
Totals 10621.1 799 
** Indicates a value of F significant at the 1% level. 
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TABLE 59. Table of adjusted means for the significant main 
effects from Analysis of Covariance 2. Data are 
subsidiary task scores from Test-track 1, 
covariate: Time. 
Factor Level 
1234 
Order 12.85 14.90 15.77 16.38 
No subsidiary task Subsidiary task 
(1) (2) 
Task 4.51 25.44 
4.4.35 ANALYSIS OF COVARIANCE 3. DATA ARE SUBSIDIARY TASK 
SCORES FROM TEST-TRACK 1, COVARIATE: COARSE STEER. 
The summary table for Analysis of Covariance 3 is given in 
Table 60, where it can be seen that only the overall main effect 
of Task was significant, (F= 257, d. f. 1 and 89, p< . 01). 
Comparison of Table 60 and 54 indicates that the effect of 
adjusting subsidiary task scores for the covariate Coarse steer 
was to reduce the strength of the expected task effect from 
2 
est. W= . 75 to est. W = . 70. The adjusted 
task means were . 77 
for Task 1 (no subsidiary task) and 29.18 for Task 2 (subsidiary 
task). Again, it is interesting to note that the subsidiary 
task scores under Task I (no task) conditions become non-zero, 
reflecting the previously demonstrated relationship between the 
presence of the subsidiary task and drivers' coarse steering 
frequency 
. 
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TABLE 60. Summary table for Analysis of Covariance 3. Data 
are subsidiary task scores from Test-track 1, 
covariate: Coarse Steer. 
Source SS DF MS F estW 
Power 2020.7 4 505.1 0.92 
Sex 21.7 1 21.7 0.04 
Power x Sex 4744.7 4 1186.1 2.16 
Covariates 1355.1 1 1355.1 2.47 
Residual 48727.8 89 547.5 15.53 
Order 212.6 3 70.8 1.98 
Power x Order 511.5 12 42.6 1.19 
Sex x Order 50.9 3 17.0 0.47 
Power x Sex x Order 194.7 12 16.2 0.45 
Covariates 82.9 1 82.9 2.32 
Residual 9613.3 269 35.7 1.01 
Task 137024.8 1 137024.8 257.24** . 70 
Power x Task 2139.4 4 534.8 1. `00 
Sex x Task 180.0 1 180.0 0.33 
Power x Sex x Task 4650.4 4 1162.6 2.18 
Covariates 2676.3 1 2676.3 5.02 
Residual 47406.7 89 532.6 15.11 
Order x Task 111.4 3 37.1 1.05 
Power x Order x Task 516.3 12 43.0 1.22 
Sex x Order x Task 61.0 3 20.3 0.57 
Covariates 1.2 1 1.2 0.03 
Residual 9903.9 281 35.2 
Totals 272208.2 799 
** Indicates a value of F significant at the 1% level. 
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4.4.36 ANALYSIS OF COVARIANCE 4. DATA ARE SUBSIDIARY TASK 
SCORES FROM TEST-TRACK 1, COVARIATES: TIME, FINE 
STEER AND COARSE STEER. 
In the last of the series of analyses of covariance conducted 
on the subsidiary task data from Test-track 1, all three of 
the primary task measures, Time, Fine Steer and Coarse Steer 
were included as covariates. 
The summary table for Analysis of Covariance 4 is given in 
Table 61, where it can be seen that the overall main effects 
of Order (F = 18.0, d. f .3 and 267, p< . 01), Task (F ,= 117.7, 
d. f. 1 and 87, p . 01), and the Power by Task interaction 
(F = 2.57, d. f. 4 and 87, p< . 05), were all significant. 
Adjusted means for the significant effects from Analysis of 
Covariance 4 are given in Table 62, and the means associated 
with the significant Power by Task interaction are plotted 
graphically in Figure 19. 
A comparison of Tables 61 and 54 indicates that the strength 
of the expected Task effect has been reduced by the adjustment 
made for the covariates from est. WZ = . 75 to est. Wz = . 43. 
This tendency was noted in the results of previous analyses of 
covariance, and can be attributed to the relationship 
demonstrated earlier between the presence of the subsidiary task 
and the primary task variables. 
It can be seen from the adjusted means given in Table 62 that 
the relatively weak Order effect, est. W= . 12, was one of 
increasing numbers of subsidiary task responses over Order. 
Individual comparisons between all pairs of means were 
significant at the 1% or 5% levels except that between Orders 
3 and 4, which was not significant. 
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TABLE 61. Summary table for Analysis of Covariance 4. Data 
are subsidiary task scores from Test-track 1, 
covariates: Time, Fine Steer, Coarse Steer. 
Source SS DF MS F estw 
Power 1221.4 4 305.3 0.67 
Sex 885.4 1 885.4 1.96 
Power x Sex 2634.4 4 658.6 1.45 
Covariates 10770.7 3 3590.2 7.94 
Residual 39312.2 87 451.8 12.96 
Order 1547.9 3 515.9 18.02** . 12 
Power x Order 454.3 12 37.8 1.32 
Sex x Order 57.4 3 19.1 0.66 
Power x Sex x Order 108.9 12 9.0 0.31 
Covariates 2054.6 3 684.8 23.93 
Residual 7641.6 267 28.6 0.82 
Task 42113.3 1 42113.3 117.73** . 42 
Power x Task 3675.9 4 918.9 2.56* . 02 
Sex x Task 20.8 1 20.8 0.05 
Power x Sex x Task 3398.6 4 849.6 2.37 
Covariates 18964.0 3 6321.3 17.67 
Residual 31118.9 87 357.6 10.26 
Order x Task 48.4 3 16.1 0.46 
Power x Order x Task 517.6 12 43.1 1.23 
Sex x Order x Task 66.3 3 22.1 0.63 
Covariates 181.8 3 60.6 1.73 
Residual 9723.4 279 34.8 
Totals 176518.5 799 
* Indicates a value of F signi ficant at the 5% level. 
* Indicates a value of F signi ficant at the 
1% level. 
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TABLE 62. Table of adjusted means for the significant main 
effects and interaction from Analysis of Covariance 
4. Data are subsidiary task scores from Test track 
1, covariates: Time, Fine Steer and Coarse Steer. 
Factor Level 
1 2 34 
Order 11.23 15.00 16.39 17.28 
No subsidiary task Subsidiary task 
(1) (2) 
Task 4.49 25.46 
No subsidiary task Subsidiary task 
Task (1) (2) 
Power 
1 2.30 30.06 
2 7.02 22.24 
3 4.55 28.04 
4 3.95 21 . 83 
5 4.62 25.13 
The Power by Task interaction, although significant at the 5% 
level, was very weak, est .W= . 02. Individual comparisons 
between all pairs of interaction means revealed no significant 
differences between Task 1 means (no subsidiary task), 
significant differences between all Task 1 and Task 2 
(subsidiary task) means, p< . 01, and significant differences 
between Task 2 (subsidiary task) means for power steering 
groups 1 and 2, the Load Spring Heavy and Load Spring Light 
groups, and groups 1 and 4, the Load Spring Heavy and Convent- 
ional Reaction groups, p -- . 05. 
The existence of a Power by Task interaction effect associated 
with the subsidiary task data from Test-track 1 is something of 
an anomaly, however, since subjects had been allocated to a 
Power steering group, but were all driving with the standard 
hi- ý IMM- 
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FIGURE 19. Graphic representation of the Power by Task 
interaction from Analysis of Covariance 4. Data 
are from Test-track 1, dependent variable: Sub- 
sidiary task responses, covariates: Time, Fine 
Steer and Coarse Steer. 
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power steering system during this test-track session. Assuming 
that this is not a purely chance result, it would seem that 
subjects who were to drive with the Load Spring Heavy system 
in the second test-track session, made significantly more 
subsidiary task responses on the first test-track session than 
subjects who were to drive with the Load Spring Light and 
Conventional Reaction systems. In short, it would seem that, 
when adjustments for the three covariates of Time, Fine Steer 
and Coarse Steer are made, the number of subsidiary task 
responses was not found to be the same for all groups of 
subjects. It should be remembered that the effect was 
extremely weak, however, in that approximately 2% of the 
variance in subsidiary task responses was accounted for by the 
Power by Task interaction. The implications of this finding 
will be further discussed in relation to the results of Analysis 
of Covariance 6, later in this section. 
In summarizing the results of the analyses of covariance carried 
out on subsidiary task data from Test-track 1, the following 
should be noted: 
(i) Each analysis produced the expected Task effect. 
(ii) A fairly weak Order effect was seen when Time and Fine 
Steer were taken as covariates. 
(iii) A very weak Power by Task interaction was seen when Time, 
Fine Steer and Coarse Steer were taken as covariates. 
4.4.37 ANALYSIS OF COVARIANCE 5. DATA ARE SUBSIDIARY TASK 
SCORES FROM TEST-TRACK 2, COVARIATE: TIME. 
For comparative purposes, the summary table for the analysis of 
variance carried out on the unadjusted subsidiary task scores 
from Test-track 2 is given in Table 63, and the unadjusted 
means appear in Table 64. 
From Table 63 it can be seen that a number of significant 
effects were found in the analysis of variance of subsidiary 
task scores from Test-track 2, namely, an overall main effect of 
Order (F = 4.38, d .f. 3 and 270, p< . 
01) , and Task 
(F = 410 . 76, 
d. f. 1 and 90, p< . 01), and 
interaction effects of Power by Sex 
(F = 2.68, d. f .4 and 
90, p< . 05) Order 
by Task (F = 4.40, d. f . 
270 
3 and 282, p< . 01) and( Power by Sex by Task (F = 2.68, d. f . 
4 and 90, p< . 05) . From the estimated values of W2 given in 
Table 63, it can be seen that all the significant effects, with 
the exception of the inevitable Task effect, were extremely weak. 
The summary table for the first analysis of covariance carried out 
on Test-track 2 data is given in Table 65, and the adjusted means 
are shown in Table 66 . 
A comparison of Tables 63 and 65 shows that when subsidiary 
task scores are adjusted for the effects of the covariate Time, 
the Order effect is strengthened, the Task effect weakened and 
two of the three interactions seen in the analysis of variance 
become non-significant. Reference to Table 66 indicates that 
the relatively weak Order effect was in the expected direction, 
with greater numbers of subsidiary task responses being made as 
the test-track session progressed. The presence of a 
significant Order by Task interaction indicates that this effect 
was different with respect to the two levels of the Task 
variable, however, and the interaction is graphed in Figure 20. 
Individual comparisons carried out on the interaction means 
revealed no significant differences between Task 1 (no 
subsidiary task) means, significant differences between Task 1 
and Task 2 (subsidiary task) means at each level of Order, 
p< . 01, and significant differences between 
Task 2 means for 
all levels of Order except those of Order 3 and 4, p< . 05. 
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TABLE 63 Summary table for the analysis of variance of 
subsidiary task data from Test-track 2. 
Source ss DF MS F estW 
21 
Power 1737.2 4 434.3 0.90 
Sex 22.4 1 22.4 0.04 
Power x Sex 5172.0 4 1293.0 2.68* 
Residual 43412.1 90 482.3 29.43 
Order 216.3 3 72.1 4.38** 
Power x Order 324.8 12 27.0 1.64 
Sex x Order 43.4 3 14.4 0.87 
Power x Sex X Order 172.1 12 14.3 0.87 
Residual 4449.2 270 16.4 1.00 
. 06 
. 03 
Task 198135.1 1 198135.1 410.76** . 79 
Power x Task 1737.2 4 434.3 0.90 
Sex x Task 22.4 1 22.4 0.04 
Power x Sex x Task 5172.0 4 1293.0 2.68* . 01 
Residual 43412.1 90 482.3 29.43 
Order x Task 216.3 3 72.1 4.40** . 03 
Power x Order x Task 324.8 12 27.0 1.65 
Sex x Order x Task 43.4 3 14.4 0.88 
Residual 4621.3 282 16.3 
Totals 309234.8 799 
* Indicates a value of F significant at the 5% level. 
** Indicates a value of F significant at the 1% level. 
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TABLE 64. Table of unadjusted means from the analysis of 
variance of subsidiary task data from Test-track 2. 
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TABLE 65. Summary table for Analysis of Covariance 5. Data 
are subsidiary task scores from Test-track 2, 
covariate: Time. 
Source ss DF MSF 2 estW 
Power 1612.6 4 403.1 0.98 
Sex 1183.2 1 1183.2 2.88 
Power x Sex 3548.2 4 887.0 2.16 
Covariates 6932.1 1 6932.1 16.91 
Residual 36480.0 89 409.8 24.94 
Order 488.3 3 162.7 10.53** 
Power x Order 304.4 12 25.3 1.64 
Sex x Order 45.7 3 15.2 0.98 
Power x Sex X Order 190.4 12 15.8 1.02 
Covariates 293.6 1 293.6 19.00 
Residual 4155.5 269 15.4 0.94 
Task 91680.6 1 91680.6 231.68** 
Power x Task 1972.7 4 493': 1 1.24 
Sex x Task 24.7 1 24.7 0,06 
Power x Sex x Task 2859.4 4 714.8 1.80 
Covariates 8193.4 1 8193.4 20.70 
Residual 25218.6 89 395.7 24.08 
Order x Task 201.1 3 67.0 4.08** 
Power x Order x Task 329.0 12 27.4 1.66 
Sex x Order x Task 39.5 3 13.1 0.80 
Covariates 4.3 1 4.3 0.26 
Residual 4617.0 281 16.4 
Totals 200375.3 799 
. 08 
. 65 
. 06 
** Indicates a value of F significant at the 1% level. 
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TABLE 66. Table of adjusted means from Analysis of Covariance 
5. Data are subsidiary task scores from Test-track 
2, covariate: Time. 
Factor Level 
1 2 34 
Order 14.17 15.60 16.54 16.63 
No subsidiary task Subsidiary task 
(1) (2) 
Task 2.39 29.09 
No subsidiary task Subsidiary task 
Task (1) (2) 
Order 
1 1 . 65 26 . 70 
2 2.44 28.76 
3 2.64 30.45 
4 2.82 30.45 
The expected Task effect was found to be somewhat weaker when 
adjustment was made for the covariate, the estimated value of 
W= . 65, again = . 79 to est. 
W 2 being reduced from est. ß, J 
22 
reflecting the previously demonstrated effect of the subsidiary 
task on drivers' test-track speeds. 
The results of Analysis of Covariance 5 indicate that when 
subsidiary task scores are adjusted for the covariate 
Time, there 
is a tendency for subjects to respond more frequently 
to the 
subsidiary task during the course of the second test-track 
session . There was no significant 
increase in subsidiary task 
responses between Orders 3 and 4, however, possibly 
indicating 
that a ceiling had been reached in subjects' ability 
to respond 
to the subsidiary task. 
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are from Test-track 2, dependent variable: 
Subsidiary task responses, covariate: Time. 
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4.4.38 ANALYSIS OF COVARIANCE 6. DATA ARE SUBSIDIARY TASK 
SCORES FROM TEST-TRACK 2, COVARIATE: FINE STEER. 
The summary table for Analysis of Covariance 6 is given in 
Table 67, where it can be seen that the overall main effects 
of Order (F =8 . 9, d J. 3 and 269, p< . 01) , and Task (F = 98 . 2, 
d. f. I and 89, p . 01), the Order by Task interaction (F = 
4.35, d. f. 3 and 281, p< . 01) and the Power by Sex by Task 
interaction (F = 3.01, d. f .4 and 89, p< . 05), were all 
significant. 
Adjusted means for the significant effects from Analysis of 
Covariance 6 are given in Table 68 where it can be seen that 
the fairly weak Order effect, est. 
0= 
. 07, was in the expected 
direction with increasing numbers of subsidiary task responses 
over the course of the test-track session. Individual 
comparisons were significant at the one percent level for all 
pairs of Order means except those between Orders 1 and 2, and 
between Orders 3 and 4 which were non-significant. The 
significant Order by Task interaction was similar to that seen 
in the previous analysis of covariance (see Figure 20, in that 
there were no significant differences between Task 1 (no 
subsidiary task) means over Order, and the differences between 
Task 2 (subsidiary task) means following the same pattern as 
that shown for the main effect of Order. 
The significant Task effect was to be expected as before, and 
its reduced strength, est. GJ 
2= 
. 42, after adjustment for the 
Covariate is again attributed to the previously found effect of 
subsidiary task on drivers' fine steering frequency. 
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TALE 67. Summary table for Analysis of Covariance 6. Data 
are subsidiary task scores from Test-track 2, 
covariate: Fine Steer. 
Source SS DF MS F 2 est w 
Power 1462.6 4 365.6 0.78 
Sex 0.2 1 0.2 0.00 
Power x Sex 3533.6 4 883.4 1.90 
Covariates 2184.1 1 2184.1 4.71 
Residual 41228.0 89 463.2 28.17 
Order 403.4 3 134.4 8.90** . 07 
Power x Order 300.4 12 25.0 1.65 
Sex x Order 31.1 3 10.3 0.68 
Power x Sex x Order 180.5 12 15.0 0.99 
Covariates 385.8 1 385.8 25.54 
Residual 4063.3 269 15.1 0.91 
Task 38702.8 1 38702.8 98.16** . 42 
Power x Task 1464.0 4 366.0 0.92 
Sex x Task 96.7 1 96.7 0.24 
Power x Sex x Task 4759.2 4 1189.8 3.01* . 04 
Covariates 8321.2 1 8321.2 21.10 
Residual 35090.9 89 394.2 23.98 
Order x Task 214.5 3 71.5 4.35** . 03 
Power x Order x Task 324.4 12 27.0 1.64 
Sex x Order x Task 44.3 3 14.7 0.89 
Covariates 1.2 1 1.2 0.07 
Residual 4620.1 281 16.4 
Totals 147413.2 799 
* Indicates a value of F significant at the 5% level. 
** Indicates a value of F significant at the 1% level. 
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TABLE 68. Table of adj usted means from Anal ysis of Covariance 
6. Data are subsidiary task resp onses from Test- 
track 2, , covariate: 
Fine Steer. 
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Individual comparisons of the means associated with the weak 
but significant Power by Sex by Task interaction, est. W2 = . 04, 
revealed no significant differences between Task 1 means with 
respect to the various levels of Sex or Power steering. Only 
Task 2 (subsidiary task) means are plotted for males and 
females in their respective power steering groups in Figure 21, 
therefore.! ndividual comparisons of males' subsidiary task 
means produced no significant differences between the power 
steering groups. There were significant differences between 
females' subsidiary task responses under Task 2 conditions, 
however, namely those between the Load Spring Heavy group (level 
1) and both the Conventional Reaction and Control group (levels 
4 and 5) p< . 01, and also between the Speed Proportional Feel 
group (level 3) and the Conventional Reaction and Control 
groups, p <. 05. 
In considering the implications of this interaction, it should 
be remembered that a similar effect was noted in Analysis of 
Covariance 4, performed on subsidiary task data from Test-track 
1. If the average of males' and females' mean scores is taken 
for each power steering group from Figure 21, a plot which is 
almost identical to that for the Power by Task 2 interaction 
shown in Figure 19 is produced. In other words, the weak Power 
by Sex by Task interaction found in the present analysis was, in 
all probability, due to a predisposition on the part of subjects 
allocated to some power steering groups to respond more 
frequently to the subsidiary task, rather than to the effects of 
the power steering systems themselves. 
4.4.39 ANALYSIS OF COVARIANCE 7. DATA ARE SUBSIDIARY TASK 
SCORES FROM TEST-TRACK 2, COVARIATE: COARSE STEER. 
The summary table for Analysis of Covariance 7 is given in 
Table 69, where it can be seen that the overall main effects of 
Order (F = 6.2, d. f. 3 and 269, p< . 01), and Task 
(F = 216.8 d. f. 
I and 89, p . 01), and the Order by Task interaction 
(F = 4.3, 
d. f .3 and 281, p' . 01) , were all f ound to be significant . 
Adjusted means for the significant effects from Analysis of 
Covariance 7 are given in Table 70. 
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TABLE 69. Summary table for Analysis of Covariance 7. Data 
are subsidiary task responses from Test-track 2, 
covariate: Coarse Steer. 
Source SS DF MS F estL) 
Power 1708.4 4 427.1 0.89 
Sex 0.1 1 0.1 0.00 
Power x Sex 4204.3 4 1051.1 2.18 
Covariates 544.0 1 544.0 1.13 
Residual 42868.1 89 481.7 29.36 
Order 294.2 3 98.0 6.17** . 05 
Power x Order 291.0 12 24.2 1.52 
Sex x Order 35.9 3 11.9 0.75 
Power x Sex x Order 191.7 12 16.0 1.00 
Covariates 175 .8 1 175.8 11.06 
Residual 4273.4 269 15.9 0.96 
Task 98279.0 1 98279.0 216.81** . 66 
Power x Task 2039.0 4 509.8 1.12 
Sex x Task 29.8 1 29.8 0.07 
Power x Sex x Task 3717.3 4 929.3 2.05 
Covariates 3068.6 1 3068.6 6.77 
Residual 40343.6 89 453.3 27.63 
Order x Task 211.3 3 70.4 4.29** . 03 
Power x Order x Task 323.5 12 27.0 1.64 
Sex x Order x Task 47.1 3 15.7 0.96 
Covariates 10.8 1 10.8 0.66 
Residual 4610.5 281 16.4 
Totals 207267.6 799 
** Indicates a value of F significant at the 1% level. 
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TABLE 70. Table of adjusted means from Analysis of Covariance 
7. Data are subsidiary task responses from Test 
track 2,, covariate: Coarse Steer. 
Factor Level 
1 2 3 4 
Order 14.88 15.41 16.33 16.33 
No subsidiary task Subsidiary task 
( 1) (2) 
Task 1.56 29.91 
Task No subsidiary task Subsidiary task 
(1) i2) 
Order 
1 1.49 28.27 
2 1.37 29.44 
3 1.66 31.00 
4 1.73 30.94 
Reference to Table 70 indicates that the significant but weak 
Order effect, est. &2 = . 05, was in the expected direction, 
greater numbers of subsidiary task responses being seen as 
the test-track session progressed. Individual comparisons of 
all pairs of means were significant at the one percent or five 
percent levels except those between Orders 1 and 2 and between 
Orders 3 and 4, which were non-significant. 
The overall main effect of Task was also significant and 
relatively strong as expected, est. W2 = . 66. Again, the Task 
effect is seen to be weaker after adjustment for the covariate 
reflecting the previously demonstrated effect of subsidiary task 
performance on drivers' coarse steering frequency. 
Individual comparisons carried out on the means from the 2 
significant but weak Task by Order interaction, est . Cc) = . 03, 
indicate a similar effect to that reported previously . 
Thus, no 
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significant differences were found between Task 1 (no subsidiary 
task) means, and the significant differences found between Task 
2 (subsidiary task) means are the same as those found for the 
significant overall main effect of Order. 
The overall main effects of Task and Order seen in previous 
Analyses of Covariance on Test-track 1 and Test-track 2 data are 
thus repeated in the present analysis. 
4.4.40 ANALYSIS OF COVARIANCE 8. DATA ARE SUBSIDIARY TASK SCORES 
FROM TEST-TRACK 2, COVARIATES: TIME, FINE STEER AND 
COARSE STEER. 
The summary table for Analysis of Covariance 8 is given in Table 
71, where it can be seen that the overall main effects of Order 
(F = 12.0, d. f .3 and 267, p< . 01), and Task (F = 82.8, d. f .1 
and 87, p< . 01) , and the Order by Task interaction (F = 3.8, d. f . 
3 and 279, p- . 01), were all significant. 
Adjusted means for the significant effects from Analysis of 
Covariance 8 are given in Table 72, and it can be seen that the 
significant but fairly weak Order effect, est. W _ . 09, is in the 
expected direction, with increasing numbers of subsidiary task 
responses over Order. Individual comparisons of means were 
significant at the five percent or one percent levels for all 
pairs except that between Orders 3 and 4 which was non-significant. 
The Order by Task interaction was similar to that seen in previous 
analyses, in that no significant differences were found between 
Task 1 (no subsidiary task) means over Order, and the differences 
found between Task 2 (subsidiary task) means followed the same 
pattern as those of the main effect of Order. 
Again the overall main effect of Task was found to be relatively 
weaker of ter adjustment for the covari aces, est . GJ = . 37, 
reflecting the previously noted effects of the subsidiary task on 
drivers' test-track speeds, fine steering and coarse steering 
frequency. 
Thus, in all the Analyses of Covariance conducted on Test-track 2 
data, significant Task and Order effects were found after 
adjustment for all three covariates, both singly and together. 
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TABLE 71. Summary table for Analy sis of Covariance 8. Data 
are subsidiar y task res ponses from Test-track 2, 
covariates: Time, Fine Steer Coarse Steer. 
Source SS DF MS F estw 
Power 1241 .6 4 310.4 0.78 
Sex 1159.0 1 1159.0 2.92 
Power x Sex 2760.5 4 690.1 1.74 
Covariates 8920.0 3 2973.3 7.50 
Residual 34492.0 87 396.4 24.03 
Order 531.8 3 177.2 12.04** . 09 
Power x Order 289.5 12 24.1 1.64 
Sex x Order 35.9 3 11.9 0.81 
Power x Sex x Order 191.3 12 15.9 1.08 
Covariates 519.3 3 173.1 11.76 
Residual 3929.8 267 14.7 0.89 
Task 28468.9 1 28468.9 82.83** . 37 
Power x Task 2003.4 4 500.8 1.45 
Sex x Task 75.4 1 75.4 0.21 
Power x Sex x Task 2321.0 4 580.2 1.68 
Cov ari ates 13512.8 3 4504.2 13.10 
Residual 29899.3 87 343.6 20.83 
Order x Task 189.9 3 63.3 3.83** . 03 
Power x Order x Task 330.9 12 27.5 1.67 
Sex x Order x Task 42.6 3 14.2 0.86 
Covariates 18.3 3 6.1 0.37 
Residual 4603.0 279 16 .5 
Totals 135537.2 799 
** Indicates a value of F significant at the 1% level. 
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TABLE 72. Table of ad Dusted means from Anal ysis of Covariance 
8. Data are subsidiary task resp onses from -Test- 
track 2, covariates: Time, Fine Steer, Coarse Steer. 
Factor Level 
12 3 4 
Order 14.23 15.35 16.55 16.82 
No subsidiary task Subsidiary task 
(1) (2) 
Task 5.45 26.02 
Task No subsidiary task Subsidiary task 
(1) (2) 
Order 
1 4.79 23.67 
2 5.24 25.46 
3 5.71 27.38 
4 6.07 27.58 
When compared with the significant effects seen in the ordinary 
analysis of variance of Test-track 2 data, the result of 
including one or more covariates was generally to remove 
interaction effects, to increase the Order effect and decrease 
the strength of the Task effect. 
ý,. . 
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4.5 DISCUSSION 
Points of interest arising from the various analyses reported 
in the Results section are discussed below. The order in which 
the results are discussed will follow the order in which they 
were reported, that is, topics arising from the factor analyses 
are discussed first followed by those relating to the discrim- 
inant analyses and, finally, specific points arising from the 
analyses of variance and analyses of covariance will be 
considered. 
4.5.1 FACTOR ANALYSES 
The actual interpretation and meaning of individual factors 
has already received a good deal of attention and so will not 
be dwelt upon here, especially since the purpose of the factor 
analyses was their use as a data-reduction technique and to 
provide 'compound' variables for the subsequent discriminant 
analyses. 
Two points concerning the interpretation of the factors should 
be reiterated, however. The first of these concerns 'the 
interpretation of factors as uni-polar dimensions, and the 
second concerns the simplification of the derived factors into 
'NFactors', with the subsequent loss of orthogonality amongst 
the simplified NFactors. 
It will be recalled from the Results section that reference was 
made to Overall and Klett's notion of a 'contrast' when 
interpreting the results of a principal components analysis. 
In the example given of an analysis of patients' psychiatric 
rating profiles, Overall and Klett note that the first component 
or factor derived is usually a general one with many variables 
positively weighted. Subsequent factors, however, formed 
contrasts, with some variables positively weighted and some 
negatively weighted. Thus, a factor having a negatively 
weighted variable 'A', and a positively weighted variable 'B', 
could be described as a contrast between patients who exhibit 
Symptom 'A' and those who exhibit symptom 'B'. An alternative 
to the contrast notion was used to interpret the factors derived 
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in the present work, however. 
Since the coefficients used to define factors in terms of 
variables were also the product moment correlations between 
variable and factor, it was decided to interpret each factor 
as a uni-polar dimension to which variables were negatively 
or positively related. The meaning of a factor was then given 
in terms of the case of a high positive score on that factor. 
To return to the example used above, a high positive score 
would imply an individual's exhibiting a lot of symptom 'B, , 
and a little of symptom 'A', since 'A' was negatively weighted 
and 'B' was positively weighted. This does not change the 
'real' meaning of the factor of course, since a high negative 
score would imply an individual's exhibiting a lot of symptom 
'A' and a little of symptom 'B', thus establishing the same 
contrast between symptom 'A' individuals and symptom 'B' 
individuals. 
The purpose in adopting the interpretation of the derived 
factors in terms of a high positive score was simply to 
facilitate the interpretation of the discriminant functions 
which were the ultimate aim of the excercise. Rather than the 
results of the factor analyses describing an underlying 
psychological continuum as in the example used by Overall and 
Klett, the purpose of the factors derived in the present study 
was to provide descriptive variables for use, in further 
analysis . Only when groups of individuals could 
be discriminated 
between on the basis of discriminant functions would it become 
necessary to consider the psychological implications of the 
factors. 
The results of the factor analyses were, therefore, reported in 
terms of 'scores' rather than 'contrasts', and comments about 
factors' psychological meaning left until the factors were found 
to be useful in discriminating between groups as variables in the 
subsequent discriminant analyses. 
The second point to be made about the interpretation of results 
Of the factor analyses concerns the simplification of factors 
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into NFactors and the lack of orthogonality between these. 
It will be recalled from the Results section that before being 
interpreted, the factors as derived by the computer analysis 
were first simplified into NFactors by selecting a subset of 
the most important variables. The selection of the most 
important variables was relatively easy, as the coefficients 
used to define the factors were also known to be the product 
moment correlation coefficients between variables and factors. 
Thus, only those variables having relatively high correlations 
with a given factor were used to define the simplified NFactors 
described in the Results section. In order to check that the 
simplified NFactors were close approximations of the original 
factors derived in the computer analysis, factor scores computed 
from the original factors and those computed from the simplified 
NFactors were correlated. The results (given in Appendix I) 
indicated that in most cases, the original factors and simplified 
NFactors were indeed highly related, an average value of r= . 85 
being obtained. 
A second feature of the simplified NFactors which was mentioned 
briefly in the Results section, was their lack of orthogonality. 
Reference to the correlation coefficients computed among the 
NFactor scores (given in Appendid g) shows that some of the 
NFactors are significantly correlated. Some loss of orthogon- 
ality was to be expected by virtue of the fact that the 
simplified NFactors were defined in terms of a subset of the 
variables contributing to the original factors which were, by 
definition, statistically unrelated. It is apparent, however, 
that the use of the matrix of correlations between variables 
and factors to define the NFactors also contributed to this 
lack of orthogonality. 
A number of matrices can be output from the SPSS 'Factor' 
subprogram which are relevant to the interpretation of 
factors. 
Two are of particular importance to the rotated solution and 
these are the 'factor pattern' or 
'factor structure' matrix 
(since these are identical in the case of principal components 
analysis), and the 'factor score coefficient' matrix. 
The 
former matrix can be used to define 
factors in terms of 
variables, or variables in terms of 
factors and it contains 
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correlation coefficients. The latter matrix contains the weights 
to be used in estimating factor scores from the standardized 
values of the relevent variables. The relationship between these 
two matrices is easily defined since the transpose of the factor 
score coefficient matrix is equal to the inverse of the f actor 
pattern/factor structure matrix, that is B' r- A- 
', where B is the 
factor score coefficient matrix and A is the factor pattern/factor 
structure matrix. 
The decision to use the factor pattern/factor structure matrix in 
defining the simplified NFactors was made on the basis that it 
facilitated the selection of the most important variables used to 
define the NFactors. Whereas the correlation coefficients in the 
factor pattern/factor structure matrix allowed an evaluation of a 
variable's importance to a given factor on an absolute basis, (r2 
being a useful index of the variance in factor scores accounted 
for by the variable), the coefficients in the factor score matrix 
allow only an estimate of relative importance to be made. That is, 
a coefficient of high magnitude in the factor score coefficient 
matrix indicates only that the-associated variable is more import- 
ant than One with an associated coefficient of lower magnitude, but 
does not indicate. by how much their importance differs. Using 
factor score coefficients to define factors and to estimate factor 
scores does have the advantage of producing statistically unrelated 
factors, however, and the loss of orthogonality seen among the 
NFactors defined in terms of the factor pattern/factor structure 
matrix is due, in large part, to the use of the latter matrix in 
their definition. 
The importance of orthogonality of factors depends almost 
entirely on the use to which they are put, however. In the 
present case, no obvious advantage was to be gained by an insist- 
ance on orthogonality, since the use of discriminant analysis 
makes no assumptions about the independence of discriminant 
variables, and, conceptually, no problems were found in the 
interpretation of related factors. 
To some extent of course, part of the information contained 
in 
statistically related factors is redundant, in that the same 
information may be contained in more than one 
factor . In some 
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sense, therefore, a discriminant analysis carried out on 
orthogonal variables could be said to be more efficient than 
one carried out on variables which are related. The fact 
remains that the applications of discriminant analysis in 
psychology almost always involve the use of variables which 
are related. At least, in this case, the extent of that 
relation is known. 
4.5.2 DISCRIMINANT ANALYSES 
Those discriminant analyses which were carried out on the 
NFactors derived from the Questionnaire, Road-run and Test- 
track data combined, provided more effective discrimination of 
the experimental groups than those discriminant analyses carried 
out on the NFactors derived from the Questionnaire, Road-run and 
Test-track data considered separately. The discriminant 
analyses conducted on the combined NFactors from all three 
sources will be discussed in depth, therefore, although refer' 
ence will be made to those analyses of NFactors from individual 
sources where these help to clarify interpretation. 
Discriminant. Analysis 4, which was based upon all NFactors from 
the first half of the experiment, that is, Questionnaire 'B', 
Road-run 1 and Test-track 1, and which took as its experimental 
groups males and females, addressed the question, -"do males and 
females differ in their responses to the standard power assisted 
steering system? " The short answer to this question seems to 
have been "yes", since 91% of subjects were correctly classified 
as male or female on the basis of the single, significant, 
discriminant function derived. The canonical correlation of . 78 
also indicates that a relatively high proportion (61%) of the 
variance in discriminant scores was accounted for by the 'groups' 
variable, so that the subject's sex is seen as relatively 
important in predicting his response to power steering. It is 
not difficult to think of other factors which are likely to have 
contributed to variance in discriminant scores, for example, the 
subject's age and driving experience. Nevertheless, sex is seen 
as the single most important variable in accounting for the 
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variance in scores on the derived discriminant function. 
A number of interesting differences were found in Discriminant 
Analysis 4 between males' and females' responses to the 
standard power steering system. Most striking was males' will- 
ingness to manoeuvre the car in traffic whilst finding it 
difficult to position and to judge the effort required to steer 
the car. 
One of the criticisms of power assisted steering, discussed 
earlier, is that it can make it difficult for the driver to 
anticipate the amount of effbrt required from him to steer the 
car under certain circumstances. This was attributed to the 
non-linearities in the handwheel torque/system pressure curve 
depicted in Figure 1, where at two points on the curve, there 
tend to be relatively large increases in system pressure or 
power assistance for relatively small increases in the forces 
applied to the steering wheel. Males' questionnaire responses 
certainly suggest that it was this characteristic of power 
assisted steering to which they reacted, hence the difficulty 
in positioning the car when making right angle turns and 
entering roundabouts, the difficulty in judging the effort 
required to steer the car at roundabouts and when turning 
sharply, the tendency to `'oversteer' and the detection of 
sudden changes in the amount of effort required to steer the 
car, (the component variables of NFactor IA). 
Despite the problems described above, however, male subjects 
also expressed an increased willingness to squeeze past slow 
moving vehicles, to 'nip in and out' around parked cars, and 
generally to manoeuvre the car in traffic, ( the component 
variables of NFactor 3A). Thus, although males experienced 
some difficulty in getting used to power assisted steering, 
they were more willing to make manoeuvres in a car with power 
steering than in their own cars. 
At higher speeds (represented by the 'flat' section of the 
curve in Figure 1) males felt more confident in the steering, 
and drove faster than the females, making fewer coarse steering 
reversals on the M1 and trunk roads. 
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Female subjects did not appear to experience any problems with 
the force characteristics of the standard power steering in 
traffic, finding it sensitive, responsive, with good 'feel', 
and finding it easy to judge the effort required to steer the 
car. They were, however, less willing to make manoeuvres in 
the experimental car than in their own cars, although they 
drove more quickly, making fewer steering wheel reversals over 
the largest section of town driving than male subjects. 
Females also drove more slowly and made more coarse steering 
wheel reversals than males on the M1 and on a trunk road 
section of the route. 
Males' and females' performance on the test-track is interest- 
inq on two counts. Firstly, the performance of the males could 
be said to be superior to that of the females, in that subjects 
were instructed to drive as quickly and accurately as possible 
on the test-track, and males did in fact drive faster and hit 
fewer cones than females. In order to determine whether this 
superior performance was due to a difference in driving 
experience or exposure between males and females, rather than 
reflecting a differential reaction to power assisted steering, 
a two-way (2x5) analysis of variance was carried out on the 
biographical data given in Appendix C. The results of this 
analysis indicate that there were no significant differences 
between males and females within the power steering groups with 
respect to age or the number of years subjects had driven. 
Similarly, Chi-square tests carried out on the numbers of 
drivers with previous experience of automatic transmission and 
with previous experience of power assisted steering also suggest 
that there were no significant differences between the sexes in 
each power steering group with respect to these variables. 
Whilst it might be expected that, in the general population, 
males would have a more extensive and wider driving experience 
than females, this does not appear to be true of the samples of 
drivers used in the present experiment. The observed differences 
in males' and females' test-track performances cannot be 
attributed to a differential level of driving experience, therefore. 
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Secondly, it is interesting to compare males' and females' 
test-track performance with their driving on the road. Whereas 
males tended to drive faster and make fewer coarse steering 
wheel reversals on the motorway and trunk roads, they also 
tended to drive more slowly and make more steering reversals 
than females in town driving. Contrasted with the male's 
demonstrated ability to drive faster and more accurately than 
females on the test-track, which was laid out to represent the 
types of manoeuvre carried out in normal town driving, it is 
possible to interpret females' faster driving in Bedford as 
being less safe than males. It was certainly the Experimenter's 
impression that female subjects tended to drive more slowly than 
males on fast, open roads, but more quickly than their male 
counterparts in built-up suburban or urban areas, and this is 
partly borne out by the results of this analysis. It has been 
suggested elsewhere, Storie (1977), that male and female drivers 
tend to be involved in different types of accident. Typically, 
males were found to be involved in high speed accidents, for 
example, during overtaking manoeuvres. Females, on the other 
hand, were associated with low speed accidents which might take 
place at junctions and intersections, that is, in urban driving. 
Taken together, therefore, these results suggest that further 
research into males' and females' driving patterns in urban and 
highway driving may throw some light on the apparent differences 
in the types of accident in which they become involved. 
The variables used in Discriminant Analysis 8 were the NFactors 
derived from Questionnaire 'C', Road-run 2 and Test-track 2, 
that is, the combined NFactors from the second half of the 
experiment, the experimental groups were again males and females. 
It should be remembered that subjects were assigned to their 
respective power steering groups during the second part of the 
experiment, and this was put forward as a reason for the reduced 
effectiveness of the function derived in Discriminant Analysis 8, 
compared with that derived in Discriminant Analysis 
4, to 
correctly classify subjects on the basis of sex alone. 
Thus, 
only 83% of males and females were correctly classified 
in terms 
of the NFactors from Questionnaire 'C', Road-run 2 and 
Test- 
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track 2, whilst 91% of males and females were correctly class- 
ified in terms of the NF actors from Questionnaire '8', Road-run 
1 and Test-track 1. The function derived in Discriminant 
Analysis 8 was significant at the 1% level, and the canonical 
correlation coefficient of . 67 indicatdd that approximately 
45% of the variance in discriminant scores was accounted for 
by the 'groups' variable, that is, subjects' sex. This 
compares with a canonical correlation of . 78, or 61% of the 
vtriance accounted for by subjects' sex associated with the 
function derived in Discriminant Analysis 4. 
The most important variables in discriminating between males 
and females, irrespective of the particular power steering 
system to which they were assigned, were seen to be those from 
the test-track session. This was to be expected, however, 
since of the analyses conducted separately on Questionnaire ' C' , 
Road-run 2 and Test-track 2, (Discriminant Analyses 5,6 and 7 
respectively), it was Discriminant Analysis 7, carried out on 
the NFactors from Test-track 2, which provided the best 
discrimination between the two experimental groups, and it was 
also the only analysis to yield a statistically significant 
discriminant function. Thus, males were distinguished from 
females on the basis of their driving faster and more 
accurately on the test-track and by their responding more 
frequently to the subsidiary task. 
Although the NFactors derived from Questionnaire 'C' and Road- 
run 2 data did contribute to the discriminant power of the 
function, in that a greater number of subjects were correctly 
classified in Discriminant Analysis 8 (in which these variables 
were included) than in Discriminant Analysis 7 (in which they 
were not), their contribution was not readily interpreted. It 
must be remembered, however, that subjects had been assigned to 
their respective power steering groups in the second part of the 
experiment, so that their responses to the questionnaire and 
their driving on the road and test-track were open to the effects of 
different power steering characteristics. Whilst 
it was 
relatively easy to discriminate between males' and 
females' 
Performance on the test-track in the second part of the 
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experiment, therefore, it was not a simple matter to do so in 
terms of their questionnaire responses or their driving 
behaviour on the road. The implications of these findings, 
which are borne out by later analyses, is that in the second 
part of the experiment, the subject's sex was a relatively 
important determinant of test-track driving performance, but 
that the type of power steering in use was a more important 
determinant of the subject's response to the questionnaire and 
his road driving performance. 
A final point of interest with respect to the results of 
Discriminant Analysis 8, is that the previously noted 
differences in males' and females' driving speeds in urban 
and highway driving has virtually disappeared. The results of 
Discriminant Analysis 4 indicated that males drove significantly 
faster than females on the Ml and trunk roads, and that females 
drove significantly faster than males over the largest section 
of urban roads during the first road-run. (The univariate F 
ratios for these variables were significant. ) It was 
suggested that these findings were consonant with those of 
other workers concerning the types of accident typically 
experienced by male and female drivers. On the second road-run, 
however, the only indication of a difference between males' and 
females' driving speeds was that, on the last section of the 
route, males were associated with significantly shorter driving 
times than females. It is not possible to determine whether 
the absence of a relationship between sex and driving speed 
during the second road-run was due to the effects of the 
experimental power steering systems, the increased familiarity 
of subjects with the experimental car, or perhaps, both of 
these factors. 
Of the eight discriminant analyses which sought to 
discriminate 
between several experimental groups, three produced 
functions 
which were significant at the one percent 
level, and two 
produced functions which were described as "marginally 
significant". Furthermore, as was found to be the case with 
the earlier analyses which sought to 
discriminate between males 
and females, analyses discriminating 
between many experimental 
groups were more likely to produce significant 
discriminant 
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functions when based upon several data sources than when based 
upon a single data source. 
Thus, Discriminant Analysis 10, which sought to discriminate 
between the five power steering groups on the basis of 
NFactors derived from Road-run 2, produced a single function 
which was only marginally significant, p= . 08. Discriminant 
Analysis 12, on the other hand, which sought to discriminate 
between the five power steering groups on the basis of 
NFactors derived from all three data sources (Questionnaire 
'C', Road-run 2 and Test-track 2) produced two significant 
functions which were significant at the 1% level. Similarly, 
Discriminant Analysis 14, which sought to discriminate 
between 10 experimental groups on the basis of the NFactors 
derived from Road-run 2 data, produced one function which was 
marginally significant, p= . 10. Discriminant Analysis 16, on 
the other hand, which also sought to discriminate between 10 
groups, but which was based on all three data sources, produced 
two functions significant at the 1% level, and one function 
which was marginally significant. 
Although the functions derived in Discriminant Analyses 10 and 
14 were only marginally significant, these analyses will be 
discussed next as they have many features in common, and they 
can be related to the earlier discriminant analyses of the 
NFactors derived from Road-run 2 data in which the 
discriminant groups were males and females. A discussion of 
Discriminant Analyses 12 and 16, probably the most important of 
the series, will follow. 
Discriminant Analysis 10 provided four functions, on the basis 
of which 47% of cases were correctly classified. A canonical 
correlation of . 56 for the first, marginally significant, 
function indicated that 31% of the variance in subjects' 
discriminant scores was accounted for by the 'power steering 
groups' variable. This function permitted the Control group 
to be discriminated from the other power steering groups and, 
to some extent, the Speed Proportional Feel group from both 
the Control group and the other power steering groups. 
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The positive scores of the Control group were found to be 
associated with making more coarse steering wheel reversals 
on the 1,11 and trunk roads, driving faster and making fewer 
reversals on some urban and suburban sections of the route 
and with making more fine steering reversals overall. The 
negative scores of the Load Spring groups and the Conventional 
Reaction group were associated with making fewer coarse 
steering reversals on the Ill and trunk roads, with driving more 
slowly and making more reversals on some urban and suburban 
sections of the route, and with making fewer fine steering 
reversals overall. The Speed Proportional Feel group centroid 
was almost zero on the function. 
It would seem that the Control group was separated from the 
Load Spring and Conventional Reaction groups on the basis of 
subjects' differing driving patterns under differing driving 
conditions. Thus the Control Group tended to make more coarse 
steering reversals than the other groups on higher speed and 
relatively straight sections of the route, whilst driving 
faster and making fewer reversals than the other groups on the 
lower speed urban and suburban sections of the route, making 
more fine steering reversals overall. It was perhaps to be 
expected that the 'heavier' Load Spring and Conventional 
Reaction systems would be associated with drivers making fewer 
coarse steering reversals at speed and with making fewer fine 
steering reversals, but not necessarily that they should be 
associated with driving more slowly and making more steering 
reversals in urban and suburban driving. The Speed Proportional 
Feel group, which might have been expected to behave in a 
similar way to the Load Spring groups at speed and the Control 
group at lower speeds was, thus, appropriately placed at the 
mid-point of the function. 
The apparent anomalies in the Load Spring and Conventional 
Reaction groups' behaviour at lower speeds are largely 
explained by the relative contributions of males and females 
to the overall position of the group centroid, and this 
is 
reflected in the function derived in Discriminant Analysis 14, 
(see Table 33). A comparison of Tables 24 and 
33 shows that 
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the last function derived in Discriminant Analysis 10 and that 
derived in Discriminant Analysis 14 are almost identical. 
This was to have been expected of course, as both analyses were 
conducted on the same data, the only difference being that the 
five discriminant groups appearing in Discriminant Analysis 10 
included male and female subjects assigned to each power 
steering system, whereas the ten discriminant groups appearing 
in Discriminant Analysis 14 considered males and females 
separately within each power steering system. 
Given that the functions derived in Discriminant Analyses 10 
and 14 can be regarded as one and the same, therefore, the 
relative contributions of males and females to the positions of 
power steering group centroids on the function derived in 
Discriminant Analysis 10 become clear. Comparison of Figures 6 
and 8 shows that males tended to contribute negative scores and 
females positive scores. The position of a given power steering 
group centroid on the function derived in Discriminant Analysis 
10, therefore, lies mid-way between the centroids of males and 
females within the power steering group on the function derived 
in Discriminant Analysis 14. Thus, the centroid of group 1 in 
Figure 6 is at a point mid-way between the centroids of groups 
1 and 2 in Figure 8. Similarly, group 2 in Figure 6 lies 
between the centroids of groups 3 and 4 in Figure 8, and so on. 
Only in the case of the Control group (group 5 in Figure 6 and 
groups 9 and 10 in Figure 8) were males' and females' reactions 
to the steering system almost identical. 
Whereas both Fitted Load Spring groups in Discriminant Analysis 
10 were associated with making fewer coarse steering reversals 
on the Ml and trunk roads, driving more slowly and making more 
reversals on urban and suburban sections and with making fewer 
fine steering reversals overall, it can be seen from Discriminant 
Analysis 14 that it was only male subjects in the Load Spring 
groups who behaved in this way. Females tended to make more 
coarse steering reversals on the M1 and trunk roads, to drive 
faster and to make fewer steering reversals in urban areas and 
to make more fine steering reversals overall. Similarly, the 
Position of the Speed Proportional Feel Group at the mid-point 
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of the function in Discriminant Analysis 10 can be seen to be 
reflected in males' negative scores and females' positive scores 
on the function derived in Discriminant Analysis 14. In the 
case of males and females in the Control group, and to a lesser 
extent in the Conventional Reaction group, a much closer agree- 
ment in terms of the position of group centroids on the function 
derived in Discriminant Analysis 14 is apparent. Comments made 
about the Control group and Conventional Reaction group as a 
result of Discriminant Analysis 10 can be applied equally to 
both male and female subjects in those groups. 
It is fairly clear from the findings of Discriminant Analysis 14, 
that the earlier analyses of the NFactors derived from Road-run 2 
data with respect to males and females (Discriminant Analysis 6) 
and with respect to the five power steering groups (Discriminant 
Analysis 10) were relatively unsuccessful because males and 
females within power steering groups tended to behave differently. 
The fact that males and females did react similarly in two of the 
power steering groups however, (the Conventional Reaction and 
Control groups), meant that some discrimination was possible 
between power steering systems. Similarly, the fact that males 
and females responded differently, males tending to have negative 
scores and females positive scores on the functions derived in 
Discriminant Analyses 10 and 14, also meant that some discrimin- 
ation was possible on the basis of subjects' sex. The ability to 
discriminate between the sexes in terms of the NFactors from Road- 
run 2 was, of course, anticipated in the results of Discriminant 
Analysis 6, in which males were associated with making fewer coarse 
steering reversals and driving more slowly on the M1 and trunk 
roads, driving more slowly and making more reversals over other 
sections of the route and making fewer fine steering reversals 
overall than females. 
The analyses to be discussed next are Discriminant Analyses 12 
and 16 which are also complementary in the sense that they are 
based upon the same data sources but involve different 
discriminant 
groups,, 
Discriminant Analysis 12, based on all the NFactors from the 
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second part of the experiment, provided two statistically 
significant discriminant functions. The percentage of cases 
correctly classified on the basis of all four functions was 66%, 
which was lower than the percentage of cases correctly classified 
in the previous multi-source analyses. (Discriminant Analysis 4 
correctly classified 91% and Discriminant Analysis 8 correctly 
classified 83% of subjects'. ) However, the inclusion of five 
experimental groups in Discriminant Analysis 12 means that only 
20% of subjects would be expected to be correctly classified on 
the basis of chance alone, whereas the two experimental groups 
in Discriminant Analyses 4 and 8 meant that 50% correct class- 
ifications would be exipected by chance. Placed in context, 
therefore, 66% of cases correctly classified in Analysis 12 
represents a significant proportion. 
The canonical correlations reported in the Results section also 
suggest that the power steering group to which a subject was 
assigned was relatively more important than the subject's sex 
in providing a basis on which to discriminate between groups 
when all three data sources are used. 
Thus, it was seen that 47% of the variance in scores on the 
single discriminant function derived in Discriminant Analysis 8 
was accounted for by the 'groups' variable (sex), whereas 50% of 
the variance on function 1, and 36% of variance in scores on 
function 2 from Discriminant Analysis 12 was accounted for by the 
'groups' variable (power steering),. 
The first function reported in Discriminant Analysis 12 indicated 
that the Fitted Load Spring groups and the Conventional Reaction 
group had described the steering as "too heavy. " and "different", 
and that the Control group and Speed Proportional Feel group had 
described the steering as "too light" and "no different". 
Furthermore, the Load Spring Heavy group was placed closer to the 
extreme "too heavy" and "different" end of the dimension than was 
the Load Spring Light group, and the Control group was placed 
closer to the "too light" and "no different" end of the function 
than the Speed Proportional Feel group. These results were seen 
to be entirely appropriate in view of the design features of the 
301 
particular systems with which they were associated. 
Thus, the Fitted Load Spring systems, which were intended to 
give a constantly heavier 'feel' than the standard power 
steering, were placed in the order of their 'heaviness' on 
function 1. Similarly, the Conventional Reaction system, 
which was designed to simulate unassisted steering in its 
force characteristics, and which became heaviest at very low 
speeds, was placed in a less extreme position at the "too heavy" 
and "different" end of the dimension than either of the Fitted 
Load Spring groups. In the same way, the Control group and the 
Speed Proportional Feel group were placed towards the "too 
light" and "no different" end of function 1, the more extreme 
position being occupied by the Control group whose standard 
power steering system was indeed no different in the second 
half of the experiment than it had been in the first half . 
It is interesting to note that the two variable assistance 
characteristics, the Conventional Reaction and Speed Proportional 
Feel systems, were placed closer to the middle or zero point on 
function 1 than the constant feel systems or Control groups. 
This presumably reflects the fact that the two variable feel 
systems were not found to be consistently "too light" and "too 
heavy", but were different under different conditions, and this 
view is supported by these systems'; opposite and extreme posi- 
tions on function 2. Thus, the Speed Proportional Feel group 
was associated with subjective feelings of driving faster and 
overtaking more and with finding it easier to maintain lane 
position on the motorway, while the Conventional Reaction group 
was associated with feelings of driving more slowly, overtaking 
less and finding it harder to maintain their lane position on 
the motorway. That is to say, the two systems were different- 
iated in terms of the driving situation, the Speed Proportional 
Feel system being related to confidence at speed and the 
Conventional Reaction system being associated with a lack of 
confidence at speed. In the case of the Speed Proportional Feel 
system, the designer's aim was to improve 'feel' at higher 
speeds, and it may well be that drivers' feelings of confidence 
at speed and their finding it easier to maintain lane position 
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reflects this design feature of the system. The topic of 
subjects' response to the Speed Proportional Feel system and 
its design features are discussed in more detail later in 
this section. 
The Load Spring groups and Control group had relatively low 
scores on the second function from Discriminant Analysis 12. 
The Control group and Load Spring Light group's low negative 
scores on the function were associated with feelings of the 
steering being too light and no different, of driving more 
slowly and overtaking less, of having difficulty in maintaining 
lane position and a lack of confidence at speed. It would seem 
that the Load Spring Light system was not sufficiently 
different from the standard power steering system for it to be 
discriminated from the Control group on function 2. The Load 
Spring Fleavy system, however, was associated with feelings of 
the steering being too heavy and different, of driving faster 
and overtaking more, of being easier to maintain lane position 
and confidence at speed. It is interesting to note that the 
Load Spring Heavy system was associated with a less extreme 
score on function 2 than the Speed Proportional Feel system, 
when the constant artificial 'feel' characteristic of the Load 
Spring system might have been expected to place it in a more 
extreme position relative to the variable 'feel' characteristic 
of the Speed Proportional Feel system. 
Although the first function derived in Discriminant Analysis 16 
is similar to the first function derived in Discriminant Analysis 
12, and functions two and three from Discriminant Analysis 16 are 
both similar to the second function derived in Discriminant 
Analysis 12, there are a sufficient number of differences 
between the functions derived in the two analyses to warrant a 
separate discussion. 
Discriminant Analysis 16, was carried out on all the NFactors 
from the second half of the experiment, and it took as its 
discriminant groups each of the power steering groups further 
divided into males and females. The analysis produced two 
significant functions at the 1% level, and a third, marginally 
303 
significant function, p= . 09. As was seen in the Results 
section, 63% of subjects were correctly classified on the basis 
of the functions derived in Discriminant Analysis 16 when one 
would expect only 10% to be correctly classified by chance. 
The canonical correlations given indicated that an average of 
50% of the variance in scores on each discriminant function 
was accounted for by the 'groups' variable. 
In a sense, Discriminant Analysis 16 was the single most 
important discriminant analysis to be carried out, since it 
included both male and female groups of subjects within their 
respective power assisted steering groups. It is fortunate, 
therefore, that despite the fact that males and females had 
been seen to respond differently to power assisted steering 
in previous analyses, the first function derived in Discriminant 
Analysis 16 was both significant and succeeded in discriminating 
between power steering systems. The second function, which was 
also significant, discriminated between males and females 
irrespective of power steering groups, and the third function, 
which was only marginally significant, provided a more general 
dimension and did not appear to discriminate between groups in 
terms of power steering or sex. 
The fact that the first function to be derived in this analysis 
discriminated between power steering groups, and the second 
function discriminated between males and females, underlines 
the point made in the Results section that it was easier to 
discriminate between groups of subjects in terms of the power 
steering system to which they had been allocated than in terms 
of their sex when the NFactors from all data sources were 
included 
. 
The variables associated with discriminant function one were 
seen to be related to different driving conditions. Thus, on 
high speed relatively straight roads, subjects in the Load 
Spring groups and Conventional Reaction group were associated 
with driving faster and making fewer steering reversals than 
subjects in the Control group and Speed Proportional Feel group. 
However, on lower speed roads, the Load Spring groups and 
the 
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Conventional Reaction group were associated with driving more 
slowly and making more reversals than the Control group and 
Speed Proportional Feel group and with hitting more cones on 
the test-track. 
The above findings are essentially those of function 1 from 
Discriminant Analysis 12. If the average position of the male 
and the female group centroids on the first function from 
Discriminant Analysis 16 is taken, (see Figure 10), it will be 
seen that, for a given power steering group, a close correspon- 
dence exists with the position of that power steering group's 
centroid on function one of Discriminant Analysis 12, (see 
Figure 7). 
Although both males and females within a power steering group 
were found to have either positive or negative scores on 
function 1, within some power steering groups, namely the Load 
Spring Heavy, Speed Proportional Feel and the Control groups, 
males and females were placed some distance apart. In two 
cases, those of the Load Spring Heavy group and the Speed 
Proportional Feel group, males had higher absolute scores than 
females, and in the case of the Control group, female, s were 
seen to have higher absolute scores on the function than males. 
It is not clear, therefore, how to interpret the apparent 
differences between males and females on function 1. 
Fortunately, the second function derived in Discriminant 
Analysis 16 successfully distinguished between males and 
females irrespective of power steering system. Not surpris- 
ingly, there was a close resemblance between the second function 
derived in this analysis and the single function derived in 
Discriminant Analysis b which was carried out on the same data 
but for males and females only. On function two, therefore, 
male subjects were associated with finding the steering less 
responsive and sensitive, more difficult to position in town 
driving, but with driving faster-and more accurately on the 
test-track and responding more frequently to the subsidiary 
task, Males also felt more confident and found it easier to 
maintain lane position at higher speeds. Females tended to 
find the steering more sensitive and responsive, easier to 
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position in traffic, whilst driving more slowly and less 
accurately on the test-track and responding less frequently 
to the subsidiary task. Females also felt less confident and 
had more difficulty in maintaining their lane position at 
higher speeds. 
In general, the second function from Discriminant Analysis 16 
reiterates the findings of previous analyses in which males 
and females were discriminated between on the basis of all 
data sources, that is, NFactors from the questionnaire, road- 
run and test-track. These findings can be summarized fairly 
briefly with respect to males who were associated with finding 
it easy to maintain their lane position and having confidence 
at speed, finding it difficult to position the car in town 
driving, and driving faster and more accurately on the test- 
track. Conversely females were associated with finding it 
difficult to maintain their lane position and lacking confid- 
ence at speed, finding it easier to position the car in town 
driving but driving more slowly and less accurately than male 
subjects on the test-track. 
Two points are worthy of note in considering the second function 
from Discriminant Analysis 16. Firstly, although males were 
associated with feeling more confident at speed, and finding it 
easier to maintain their lane position on the motorway, they 
did not drive any faster than females on the motorway. It may 
be recalled that, in the analysis of NFactors derived from 
Road-run I (Discriminant Analysis 2), males did in fact drive 
significantly faster than females on the motorway but females 
drove significantly faster than males in urban areas. Secondly, 
although females were associated with finding the car easier 
to position in town driving, they drove no faster than males 
in town, and drove more slowly and less accurately than males 
on the test-track. It would seem to be the case, therefore, 
that the subject's confidence in the steering and the ease 
with which he was able to position the car was not reflected 
in how fast he drove on Road-run 2. Similarly, there appears 
to be no direct relationship between the speed with which 
the 
subject drove in town and his ability to drive accurately and 
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at speed on the test-track. (This was confirmed by calculating 
the Pearson Product Moment Correlation coefficient between 
subjects' test-track speeds and driving speeds in Bedford. The 
resulting value of r=-. 16 was non-significant. ) 
In the discussion of the results of Discriminant Analysis 4, 
it was suggested that females' faster driving in town and 
their poorer performance in terms of speed and accuracy on the 
test-track could be taken to indicate that females were drivinq 
less safely than males. Although males and females do not 
appear to have driven at different speeds on the motorway or 
. 
in town on Road-run 2, females' finding it easier to position 
the car in town driving and subsequent poorer performance on 
the test-track may again be indicative of less safe driving, 
given that they drove at the same speed in town as males. 
Further, females' willingness to drive at the same speed as 
males on the motorway, given that they expressed a lack of 
confidence at speed and found it more difficult to maintain 
their lane position, may also be interpreted in a similar way. 
The third function derived in Discriminant Analysis 16 was 
found to be more general, in that, positive scores on the 
function appeared to be associated with largely favourable 
subjective ratings, and negative scores on the function with 
largely unfavourable ratings. Thus, the positive scores of 
the males in the Load Spring Heavy group, and females in the 
Speed Proportional Feel and Control groups were associated 
with the steering's being sensitive, responsive, easy to 
position, with a lack of play, subjective feelings of driving 
faster and overtaking more, ease of control, ease of maintain- 
ing lane-position on the motorway and confidence at speed. 
The negative scores of the males in the Load Spring Light group, 
and males and females in the Conventional Reaction group on the 
other hand, were associated with the steering's lack of 
sensitivity, responsiveness and being difficult to position, 
with play in steering, the impression of driving more slowly 
and overtaking less, being more difficult to control, with 
difficulty in maintaining lane position on the motorway and 
with a lack of confidence at speed. Females in both Load 
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Spring groups and males in the Speed Proportional Feel and 
Control groups were associated with very small positive 
scores on function 3, so that they may be thought of as hav- 
inq neither generally favourable nor generally unfavourable 
reactions to the steering. 
4.5.3 THE SPECIFICATION OF AN OPTIMAL POWER STEERING 
CHARACTERISTIC. 
Having discussed in some detail the discriminant analyses of 
primary interest, it is appropriate to consider the implica- 
tions of these analyses for the selection of the `optimal' 
power steering characteristic. In this respect, the results 
of Discriminant Analyses 12 and 16 are most relevant, as all 
groups of subjects were represented in these analyses, and all 
three data sources were employed. 
Two problems are immediately encountered in specifying the 
optimal power steering characteristic on the basis of these 
results, however . The first concerns the 
definition of 
'optimal', that is, on what basis should one system be selected 
in preference to the others? The second problem arises from 
the different reactions of males and females to a given power 
assisted steering system, further complicating the choice of 
a single ý optimal' system. 
In order to address the first problem, that is, to find a basis 
on which one system may be selected in preference to the 
others, reference will be made to the results of Discriminant 
Analysis 12, since thjs analysis considered power steering 
groups without taking subjects' sex into account. 
The first task in providing criteria on which to specify the 
optimal system is that of deciding which of the 
discriminant 
variables from the analysis represent desirable characteristics 
and which undesirable characteristics. 
This implies a series 
of value judgements, and wvhether or not a variable 
is 
considered 'desirable' depends very much upon the judge's point 
of view. For example, a variable such as 
"driving faster and 
making fewer coarse steering reversals on 
the motorway" is 
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difficult to evaluate in an absolute sense. The designer of a 
high performance car would presumably regard this as a desirable 
characteristic of a power steering system, but those concerned 
with road safety might well regard "driving f aster and making 
fewer coarse steering reversals on the motorway" as an 
undesirable characteristic. 
Assuming, for the sake of argument, that a decision is made to 
regard "driving faster" as a desirable characteristic, a further 
problem is then encountered in that, on some functions, this 
variable is specific to a given situation. For example, on the 
first function in Discriminant Analysis 12, positive scores are 
associated with driving faster and making fewer reversals on the 
motorway, but with driving more slowly on rural and urban roads, 
and with making more steering reversals on suburban sections of 
the route. In considering the position of a power steering 
group on function 1, therefore, it would seem that both positive 
scores and negative scores are associated with some desirable 
and some undesirable characteristics. As a first step to 
selecting the optimal power steering characteristic on the basis 
of function 1, therefore, the wisest course might be to exclude 
those systems having extreme scores in either direction. 
If reference is made to Figure 8, it can be seen that power 
steering groups 1 and 5, the Load Spring Heavy group and the 
Control group, have the most extreme scores on the function, 
with group 3, the Speed Proportional Feel group having a 
moderately high negative score, and groups 2 and 4, the Load 
Spring Light and Conventional Reaction groups respectively, 
having moderately high positive scores. If the criterion 
for 
making a prelimi nary choice based on the undesirability of 
extreme scores is adopted, therefore, the Control group, 
(standard power steering) and the Load Spring 
Heavy system are 
excluded from further consideration. 
If attention is now focussed on the second 
f unction from 
Discriminant Analysis 12 as a basis on which to specify the 
optimal characteristic from the remaining 
three power steering 
systems, it will be seen that a decision as 
to which variables 
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associated with the function are desirable and which are 
undesirable is more easily made. 
The variables associated with function 2 are largely those 
NFactors derived from Questionnaire 'C' which reflect the 
subjective assessments of drivers. Positive scores on function 
2 indicate that subjects found the steering "heavier" and 
"different" from the standard power steering, felt that they 
drove faster and overtook more, felt more confident at speed, 
found it easier to maintain their lane position on the motorway 
and found the steering sensitive and responsive. In addition 
to these variables derived from Questionnaire ' C' , positive 
scores on function 2 were also associated with driving faster 
and making fewer reversals on a section of the route containing 
an awkwardly shaped roundabout. 
It would seem that positive scores on function 2 indicate a 
generally more favourable reaction to the steering than negative 
scores, which were associated with subjective impressions of the 
steerings being light and no different, of driving slowly and 
overtaking less, with difficulty in maintaining lane position on 
the motorway, with a lack of confidence at speed, and with less 
sensitive and responsive steering . Negative scores were also 
associated with driving more slowly and making more steering 
reversals at Kempston roundabout. Of those systems still being 
considered, group three, allocated to the Speed Proportional 
Feel system has the highest positive score on function 2, and 
is, therefore, selected as the optimal characteristic in terms 
of the criteria developed in this discussion. 
With respect to the second problem identified above, that is, 
the difficulty in specifying the optimal power steering system 
arising from the different responses of males and females, 
reference must be made to the result of Discriminant Analysis 
16, in which males and females within their respective power 
steering groups were considered. 
From Figures 10 and 11 it can be seen that males and females in 
the Speed Proportional Feel group are placed some distance apart 
on functions 1 and 2, and relatively close together on function 
3. 
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The Speed Proportional Feel system is unique, however, in that 
it is the only power steering system represented by the 
discriminant groups shown in Figure 10 which has both male and 
female group centroids falling in the same quadrant formed by 
the two axes. Thus, both males and females in the Speed 
Proportional Feel group have negative scores on function 1 and 
positive scores on function 2 from Discriminant Analysis 16. 
The fact that females have higher negative scores than males 
on function 1, and males have higher positive scores on function 
2, however, indicates that these two groups did respond 
differently to the Speed Proportional Feel system. 
Earlier in this discussion it was remarked that function 1 
from Discriminant Analysis 12 and function 1 from Discriminant 
Analysis 16 were very similar, and that this was to be expected 
since both analyses were based upon the same data sources. In 
specifying the optimal power steering characteristic on the 
basis of Discriminant Analysis 12, it was also suggested that 
extreme scores on function 1 were undesirable. If the same 
criterion is adopted in the present analysis, it would seem 
that males reacted more favourably than females to the Speed 
Proportional Feel system since they had less extreme scores on 
the function. 
Although the second function derived in Discriminant Analysis 16 
had less in common with function 2 from Discriminant Analysis 12, 
it is fairly clear that positive scores on function 2 are 
associated with more favourable subjective ratings than 
negative scores. The variable associated with positive scores 
were a lack of sensitivity and responsiveness in the steering, 
finding it difficult to position, hitting fewer cones on the 
test-track, finding it easier to maintain lane position and 
feeling more confident at speed, driving faster on the test- 
track, finding it easy to tell how much grip there was at the 
front wheels, holding back more, making more subsidiary task 
responses on the test-track and more reversals on trial 1. 
Since males had higher positive scores than females on function 
2, it would seem that they also responded more favourably to 
the Speed Proportional Feel System on the basis of this function. 
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Positive and negative scores on function 3 from Discriminant 
Analysis 16 can also be described fairly unequivocally in terms 
of the desirability of their component variables. Again 
positive scores on this function represent a more favourable 
reaction from drivers, being associated with finding the 
steering sensitive, responsive and easy to position, a lack of 
play, the impression of driving faster and overtaking more, 
with the car's being easier to control, driving faster and 
making fewer reversals in Ampthill, finding it easier to main- 
tain lane position on the motorway and with having confidence 
at speed. In this case, females' slightly higher positive 
scores on the function indicate a more favourable reaction on 
their part. 
4.5.4. DISCUSSION OF THE OPTIMAL CHARACTERISTIC IN TERtIS OF 
ITS KNOWN DESIGN FEATURES. 
Having argued, on the basis of the result of Discriminant 
Analysis 12, that subjects assigned to the Speed Proportional 
Feel system reacted more favourably to the steering than those 
assigned to the other systems, and, on the basis of tine results 
of Discriminant Analysis 16, that males in the Speed Proportional 
Feel group reacted more favourably to the steering than females, 
it is necessary to consider the implications of these arguments 
with reference to the known design features of the system. 
It may be recalled from the Introduction that the designer's aim 
in producing a Speed Proportional Feel system was to provide 
'on-centre feel' at speed. Thus, by introducing an artificial 
resistance to the movement of the steering wheel at increasing 
speed, it was anticipated that the driver would he less likely 
to make inadvertent steering movements, and find it easier to 
keep 'on course' on straight fast roads. It was suggested in 
the Introduction that a Speed Proportional Feel system would 
provide a means of overcoming the 'sneeze factor' often 
associated with power assisted steering, and 
it was noted that 
other manufacturers beside Cam Gears had adopted similar 
principles in the design of their power steering systems. 
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On an a priori basis, therefore, subjects in the Speed 
Proportional Feel groups would be expected to have higher 
scores on variables such as driving faster and making fewer 
reversals on the motorway and trunk roads, finding it easier 
to maintain their lane position on the motorway and having 
confidence in the steering at speed, and finding the steering 
heavier and different. Any advantages detected by subjects 
would also be expected to diminish at lower speeds, so that 
the Speed Proportional Feel system would not necessarily be 
associated with variables such as driving faster and making 
fewer reversals in urban driving or on the test-track. 
With respect to the results of Disciminant Analysis 12, subjects 
did not appear to respond to the Speed Proportional Feel system 
in the expected way on function 1. From Figure 7 it can be seen 
that the Speed Proportional Feel group's moderate negative 
scores on the function were associated with the steering being 
too light and no different, with driving more slowly on the last 
section of the route, with making more coarse steering reversals 
on the motorway and trunk roads, with driving faster on rural 
and urban roads, and with driving faster and making fewer 
reversals on suburban roads. 
Although the variables associated with the Speed Proportional 
Feel group on function 1 of Discriminant Analysis 12 were almost 
the reverse of those anticipated on an a priori basis, those 
variables associated with the system with respect to function 2 
were more in keeping with the a priori predictions. 
On function 2, therefore, the Speed Proportional Feel group was 
associated with the steering being too heavy and different, with 
the impression of driving faster and overtaking more, with find- 
ing it easier to maintain lane position and having confidence at 
speed, and with driving faster and mi3king fewer reversals at 
Kempston roundabout. 
With respect to the results of Disciminant Analysis 16, it can 
be seen from Figures 10,11 and 12 that males and females in 
the Speed Proportional Feel group again tended to respond in a 
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manner contrary to expectations on function 1, but more 
predictably in terns of the variables associated with functions 
2 and 3. 
On function 1, females and to a lesser extent males were 
associated with driving more slowly on the last section of the 
route, making more reversals on trunk roads and the motorway, 
with the steering being too light and no different, with driving 
faster and making fewer reversals on a suburban section of the 
route and with hitting Fewer cones on the test-track. 
On function 2, males and to a lesser extent females, were 
associated with finding the steering lackinq in sensitivity, 
responsiveness and being difficult to position, with hitting 
fewer cones on the test-track, with finding it easier to 
maintain their lane position and having confidence at speed, 
and driving faster on the test-track. 
On the third function from Discriminant Analysis 16, females, 
and to a lesser extent males, were associated with finding the 
steering sensitive, responsive, and easy to position, and with 
a lack of play, with the impression of driving faster', over- 
taking more and with finding it easier to maintain their lane 
position and having confidence at speed. 
In assessing the relative importance of each of the functions 
derived in the discriminant analyses discussed above, it should 
be remembered that each function derived accounts for 
progressively less of the total variance in discriminant scores. 
In the case of Discriminant Analysis 12, the two functions 
reported accounted for 46% and 26% of the total variance 
respectively. In the case of Discriminant Analysis 16, the 
three functions reported accounted for 29%, 26% and 16% of the 
total variance respectively. Although the variables associated 
with the Speed Proportional Feel group on function 2 
from 
Discriminant Analysis 12, and from functions 2 and 3 fro. n 
Discriminant Analysis 16, were found to be more appropriate in 
view of the known design characteristics of 
the system, the 
variables associated with the first 
functions derived in the 
two analyses were more 
'important' in the sense that they 
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accounted for a qreater amount of the total variance in 
subjects' di scrimi nant scores. 
From this review of the results of Discriminant Analyses 12 and 
16 in the light of the known design characteristics of the 
Speed Proportional Feel system, it would seem that drivers did 
not respond entirely in the manner expected, although males 
appear to have responded more predictably than females. To be 
more specific, the position of the Speed Proportional Feel 
group on the first function derived in both Discriminant Analysis 
12 and Discriminant Analysis 16 does not agree with that which 
would have been predicted from a knowledge of the design 
characteristics of the system. Although the Speed Proportional 
Feel group's position on the remaining functions discussed was 
found to be much more appropriate to the designer's aims in 
producing the system, these functions are slightly less 
important in terms of the amount of discriminant variance 
accounted for. A closer look at the first functions derived in 
Discriminant Analysis 12 and Discriminant Analysis 16 is 
required, therefore, to resolve the apparent discrepancy between 
drivers' expected and actual response to the Speed Proportional 
Feel system. 
From Figures 7 and 10 it can be seen that the Speed Proportional 
Feel group and Control group are both associated with negative 
scores on function 1 from Discriminant Analysis 12 and function 
1 from Discriminant Analysis 16, whilst the remaining three 
power steering groups all have positive scores. 
It may be recalled from the Introduction that each of the power 
steering characteristics used in the study was, in essence, a 
variation of the standard power steering system. That is, the 
artificial 'feel' characteristics of each system were super- 
imposed upon those of the standard power steering. 
In the case 
of the Speed Proportional Feel system, the fact that the level 
of artificial 'feel' generated was proportional 
to vehicle speed 
meant that, at low speeds, the system behaved almost 
identically 
to the standard power steering. 
This may go some way to 
explaining why, in Figures 7 and 
10, the Speed Proportional 
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Feel group and Control group are shown to be closely associated 
in terms of their positions on function 1. 
It is also important to note, however, that the negative scores 
of the Control group and Speed Proportional Feel group serve to 
distinguish them from the Conventional Reaction group and the 
two Load Spring groups who have positive scores on the first 
functions from Discriminant Analyses 12 and 16. The variables 
associated with the Speed Proportional Feel group's negative 
score have been described as almost the reverse of those 
expected, and it is clear that positive scores on these functions 
would have been more in keeping with a priori predictions for 
the Speed Proportional Feel group. It would seem, therefore, 
that the positive scores of the Conventional Reaction and Load 
Spring groups indicate that these systems were more successful 
in producing the effects it was expected would be associated 
with the Speed Proportional Feel system, than the Speed 
Proportional Feel system itself . 
The power steering groups with the highest positive scores on 
function 1 from Discriminant Analysis 12 and function 1 from 
Discriminant Analysis 16 are the Fitted Load Spring groups, the 
Load Spring Heavy group having a more extreme score than the 
Load Spring Light group. The essential feature of both these 
systems was that of a constant increase in the `heaviness' of 
the steering in comparison with the standard power steering. 
Although the maximum pressure applied to the torsion bar balls 
in both the Speed Proportional Feel system and the Load Spring 
Heavy system was nominally the same, the variable nature of the 
'feel' characteristics of the former system and the constant 
'feel' characteristics of the latter system presumably account 
for the differences seen in drivers' behaviour. 
The effect of a constant artificial 'feel' in the case of the 
Load Spring Heavy group, appears to have been to increase 
drivers' confidence at moderate to high speeds, such that they 
were associated with driving faster on the last section of the 
route, and making fewer coarse steering reversals on trunk 
roads and the motorway. In addition, 
however, the heavier 
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steering of the Load Spring Heavy system at lower speeds appears 
to have encouraged slower driving on rural and urban roads, to 
increase the number of cones hit by drivers on the test-track, 
and the number of steering reversals made on suburban roads. 
In the case of the Speed Proportional Feel system, the effect 
of a variable artificial 'f eel' appears to have been to make 
drivers less confident at moderate to high speeds, encouraging 
them to drive more slowly on the last section of the route, and 
to make more steerinq reversals on trunk roads and the motorway. 
it also appears to have enabled drivers to drive faster and make 
fewer reversals under rural, urban and suburban driving cond- 
itions, however, and to hit fewer cones on the test-track. 
It seems likely, therefore, that the aim of the designer in 
producing a Speed Proportional Feel system might be more nearly 
met by a modification of the present system to adopt certain 
characteristics of the Load Spring Heavy system, that is, a 
higher level of artificial feel at relatively low speeds. 
In fact, such a modification is easily made on the Cam Gears 
Speed Proportional Feel system, which incorporates a valve to 
regulate the level of artificial 'feel' as speed increases. By 
adjusting this valve, so that the maximum artificial feel is 
attained at, say, 64 k/h instead of the present 96 k/h, it seems 
likely that the driver would have more confidence in the steering 
at speed, whilst maintaining his ability to manoeuvre easily in 
urban driving and at very low speeds. In short, by introducing 
a higher level of artificial 'feel' at lower speeds with the. 
Speed Proportional Feel system, it is anticipated that the 
designer's aim in producing the system would be more fully 
realized. 
4.5 .5 DISCUSSION 
OF THE RESULTS OF THE DISCRIHINANT ANALYSES 
IN RELATION TO THE FINDINGS OF PREVIOUS RESEARCH. 
Before leavinq this discussion of the results of the discriminant 
analyses, reference should be made to the 
findings of previous 
research which were reviewed in the 
Introduction. The results 
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of the discrirninant analyses will first be discussed in relation 
to previous work on the effects of steering characteristics on 
drivers' performance, and secondly in relation to the work 
reviewed which employed steering reversals as a measure of 
drivers' performance. " 
It was noted in the Introduction that very little formal 
research has been conducted on the effects of steering character- 
istics and driver performance. Whilst there have been numerous 
studies in the general area of vehicle handling which have 
included the driver 'in the loop', very few studies were found 
which concerned themselves with vehicle steering characteristics 
per se, and-. fewer still which directly addressed questions of 
relevance to the present work. 
Of those studies reviewed, only two, Hoffman and Joubert (1966) 
and Segel (1964), discussed the effects of power steering force 
characteristics on drivers' performance. The first of these 
studies was primarily concerned with the effects of steering 
ratio, although the authors also noted that gross changes in 
steering force levels did not affect drivers' performance in a 
simple turning manouevre. The second study was directly 
concerned with the effects of the force characteristics of 
power steering on drivers' performance, but was limited in scope, 
and consequently rather tentative in its conclusions. In 
neither of these studies, however, were qualitatively different 
power steering characteristics employed, or was drivers' 
performance evaluated in anything but highly specific and rather 
artificial driving tasks. 
Hoffman and Joubert (1966) found no differences 
in the number 
of cones hit by subjects who drove a circular course at a speed 
of 8 m/s when the power steerinq was 
'on' and when it as 'off', 
despite the fact that this represented a five-fold increase 
in 
steering torque. In the present study, 
the number of cones hit 
by subjects on the test-track was 
found to contribute to the 
ability to discriminate between both males and 
females and 
between groups of subjects allocated 
to different power steering 
systems. It should be remembered, 
however, that the number of 
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cones hit by subjects was only one of a number of composite 
variables which were combined to provide significant discrimin- 
ant functions. The univariate 'F' ratios reported prior to 
each discriminant analysis indicate that significant differences 
existed in the number of cones hit by male and female drivers on 
both test-track sessions, but that there were no significant 
differences between the power steering groups in terms of the 
'cones' variable. It would seem that when considered on its 
own, the number of cones hit by drivers may be sensitive to 
differences in performance due to driver variables such as sex, 
but not vehicle variables such as power steering. 
There are two further points to be considered in a comparison 
of Hoffman and Joubert's findings and the results of the 
discriminant analyses reported here, and these concern the 
nature of the changes to the steering characteristics employed 
and the nature of the tasks performed by subjects. 
The differences in steering torque produced by disconnecting 
the power assistance in Hoffman and doubert's study were far 
greater than the differences in steering torque exhibited by 
the experimental power steering system in the present, study. 
From this point of view, it might be considered unlikely that 
the relatively subtle differences between the steering charact- 
eristics in the present study would affect drivers' performance 
sufficiently to be reflected in the number of cones hit. On 
the other hand, however, the subject's test-track driving task 
in the present study was far more complex than that used by 
Hoffman and Joubert, and was carried out at higher speeds, 
which would suggest that the number of cones hit by subjects 
might have been ra more appropriate measure of performance in 
the present work. It would appear, therefore, that the number 
of cones hit by subjects in a test-track driving task is not 
very sensitive to subtle or gross changes in power steering 
characteristics if used alone, but may be of use in combination 
with other variables. 
Segel (1964) relied upon drivers' subjective ratings of vehicle 
handling in assessing the effects of steering 
force gradient on 
the ease with which drivers were able 
to carry out a steady- 
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state turn and a fast lane-change manoeuvre. The results of 
Segel's study were not subjected to statistical analysis, and 
his conclusions must be treated with caution, therefore. 
Two of Segel' s findings are of relevance to the results of the 
discriminant analyses discussed previously, and these are the 
driver's tendency to overshoot or undershoot the desired path 
when the steering force gradient is "too light", and the 
driver's difficulty in defining the straight ahead position 
when the force gradient is lower than optimum. The tendency 
to 'oversteer' and the difficulty associated with judging the 
straight ahead position were both prominent variables in males' 
questionnaire responses to the standard power steering system 
in the first half of the present experiment . Segel' s findings 
suggest, therefore, that male drivers' initial reaction to the 
standard power steering system in the present study may have 
been due to an excessively low force gradient. This explana- 
tion of males' reaction to the standard power steering is 
intuitively appealing, since a low force gradient as defined 
by Segel corresponds very closely to the 'lack of feel' concept 
described in the Introduction. That is to say, when only a 
small increase in steering torque is required to produce a 
large increase in the concerning forces generated at the front 
wheel, a low force gradient as defined by Segel is implied, 
and the steering is also said to have little 'feel'. Although 
the force characteristics of the standard power steering used 
in the present study were described in terms of hand wheel 
torque versus system pressure, and Segel defines steering 
force 
gradient in terms of steering torque per unit lateral accelera- 
tion, if the force characteristics of the typical power steering 
system shown in Figure 1 were also expressed in terms of steerincj 
torque per unit lateral acceleration, a low, almost constant, 
force gradient would be obtained. 
The importance of an optimum force gradient, or steering 
' feel' 
should not be overestimated, however, since, as 
Segel points 
out, his subjects were still able to perform 
their steering 
tasks adequately in the absence of any 
force feedback or 'feel' . 
In addition, the subjects 
in Segel's study were all male, and 
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the results of the discriminant analyses reported previously 
suggest that female drivers do not respond in the same ý%ay to 
the force feedback characteristics of the steering. Whereas 
male drivers tended to 'oversteer' on the first road-run, 
therefore, females found the standard power steering 
"sensitive, responsive and with good 'feel'". Moreover, the 
fact that the variables associated with steering 'feel' were 
much less prominent in the results of the discriminant analyses 
carried out on Road-run 2 data, shows that it was not possible 
to discriminate between male and female drivers on the basis 
of their response to the force feedback characteristics of the 
steering in the second half of the experiment. The negative 
reaction of male drivers to the standard power steering which 
was attributed to a low force gradient may, therefore, be a 
temporary phenomenon which disappears as drivers become 
accustomed to power steering. 
Before leaving the topic of steering 'feel', reference should 
be made to the results of the discriminant analyses in respect 
of the suggestion made in the Introduction that there is a 
threshold below which drivers cannot detect changes in steering 
loads. 
Curtis (1972) has argued that, because the steering loads 
associated with power assisted steering are excessively low, 
drivers are unable to detect a further lightening of the 
steering which normally occurs when the front tyres begin to 
loose their grip. It was suggested, therefore, that the Load 
Spring characteristics of the experimental steering system 
would provide a means of examining this 'threshold' hypothesis, 
since these simply increase steering loads throughout the range 
of operation of the steering without affecting its other 
characteristics. 
Whilst the results of Discriminant Analysis 16 
indicate that 
drivers were aware of an increase in steering 
loads associated 
with the Load Spring systems, in that these were associated 
with being "too heavy" and "different", there 
is no evidence 
to suggest that either the Load 
Spring Heavy or the Load Spring 
Light characteristics were considered 
to provide more steering 
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'feel' in comparison with the standard power steering. The 
absence of NFactors which refer to the force feedback charact- 
eri sties of the steers nq, therefore, suggests that a simple 
increase in steering loads does not increase the drivers' 
awareness of the 'feel' characteristics of power assisted 
steering. 
A number of studies were reviewed in the Introduction in which 
steering reversals were employed as a measure of driving 
performance. Although none of these studies was concerned 
specifically with the effects of steering characteristics on 
drivers' performance, their findings indicate that steering 
reversals are sensitive to the effects of driver and task 
variables in a number of driving situations. 
Thus, in a series of papers by Greenshields and Platt, and 
more recently in Greensmith (1981), it was shown that subjects' 
control use, including the number of steering reversals, could 
be used to discriminate between groups of drivers with different 
accident and violation records. Greensmith also noted that 
females made more fine steering reversals than males, a finding 
which is confirmed by the results of the present study. Johns 
and Bundy (1974) found that drivers' reversals rates remained 
relatively constant over time, but that their coarse steering 
reversal rates varied with respect to the types of road over 
which they drove. Similarly, Soliday and Allen (1972) rioted 
differences in the number of steering reversals made by 
drivers who were accustomed to power steering and drivers who 
were accustomed to manual steering. Finally, in a review of 
previous work, Maclean and Hoffman (1975) concluded that 
steering reversals reflect the difficulty of the steering task 
both in terms of the nature of the task itself, and in terms of 
the level of error tolerated by the driver. In the present 
study, steering reversals data were found to 
be useful in 
characterizing drivers' performance on the road and on the 
test-track, and featured prominently in the 
functions used to 
discriminate between male and female drivers and between power 
steer i nq groups . 
A relationship which emerged 
in the present study, but was 
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apparently not detected in previous work, is that between 
steering reversals and driving speed under normal driving 
conditions on the road. It is clear from the results of the 
principal components analyses carried out on the data from 
Road-run 1 and Road-run 2, that there is an implicit negative 
relationship between the number of fine and coarse steering 
reversals made by drivers and the speed at which they drove 
on the road. That is to say, many of the NFactors were 
defined in terms of the variables Time, Coarse Steer and 
Fine Steer over specific sections of the route, each hav. i nq 
a large, positive factor loading. Long driving times (slow 
speeds) were, therefore, associated with large numbers of 
coarse and fine steering reversals. This was not the case 
with the ! Factors derived from the test-track data, however, 
in which the variables Time, Coarse Steer and Fine Steer 
tended to appear independently of one another. In discrimin- 
ating between groups of drivers on the basis of these ! Factors, 
it should he noted, however, that subjects who drove quickly 
also made relatively few steering reversals (males) and those 
who drove slowly also made relative more steering reversals 
( females) . There are two likely explanations 
for the 
relationship between speed and steering reversals, in the 
findings of the present study. 
As noted in the Introduction, the amount of cornering force 
generated at the front wheels of a car for a given 
front wheel 
angle tends to increase with speed, although this relationship 
becomes non-linear at high levels of lateral acceleration. 
Consequently, within the range of normal on-the-road 
driving 
conditions, the driver is required to make smaller steering 
wheel displacements to achieve the same change 
in vehicle 
heading as his speed increases. If the steering wheel 
displacements made in steering the car at speed are suffic- 
iently small, therefore, fewer coarse steering reversals 
and, 
to a lesser extent, fine steering reversals 
will be made. 
Although a reduction in the number of steering 
reversals might 
be expected when driving at speed on 
the roads, on the test- 
track, where relatively large wheel 
displacements were necessary 
to steer the car, the smaller 
displacements made by those who 
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drove at speed would still be sufficiently large to regi_ster as 
a reversal. 
Alternatively, it might be argued that those subjects who drove 
at speed were, for some reason, also able to steer more skill- 
fully, or at least more economically, and to make fewer 
reversals. This explanation is less appealing than the first, 
however, since it ignores the implicit relationship between 
cornering forces and speed described above, and makes an 
assumption about a relationship between the driver's desire to 
drive at speed and his steering ability for which no evidence 
has been presented. 
I'tacLean and Hoffman's suggestion that steering reversals provide 
a measure of steering task difficulty is of interest in the 
light of the differences in males' and females' test-track 
performance. In both test-track sessions, males drove faster 
than females, mm ade fewer steering reversals and hit fewer 
marker cones. It seems not unreasonable, therefore, to accept 
MacLean and Hof fm an' s interpretation of steering reversals as a 
measure of task difficulty and to assume that females found the 
test-track driving task more difficult than males did. Although 
MacLean and Hoffman also suquest that 'steering task difficulty' 
comprises two components, namely features of the task itself and 
the tolerance of error on the part of the subject, there is no 
reason to suppose trat females' relatively high numbers of 
steering reversals were due to their being less tolerant of 
error . Indeed, 
in view of the greater number of marker cones 
hit by female subjects, it might be argued that they were more 
tolerant of positioning error on the test-track than males. 
The interpretation of steering reversals as a measure of steer- 
ing task difficulty will be further discussed in relation 
to the 
findings of the analyses of variance and analyses of 
covariance 
of the test-track data in the next section. 
4.5 
.6 ANALYSES 
OF VARIANCE AND ANALYSES OF COVARIANCE OF THE 
TEST-TRACK DATA. 
The primary purpose of performi nq 
the analyses of variance on 
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the data from both test-track sessions was to investigate the 
validity of the subsidiary task as a measure of' spare mental 
capacity'. The major concern, therefore, was to discover 
whether the presence of the subsidiary task affected the 
primary task measures of Time, Fine Steer and Coarse Steer. 
In addition, however, the results of the analyses of variance 
also provided information concerning drivers' test-track 
performance which was of interest in its own right and which, 
in some cases, provided support for the fi nd_i ng s of the 
discriminant analyses discussed previously. The results of 
the six analyses of variance performed on the primary task 
measures from the test-track, and two analyses performed on 
the subsidiary task scores, are summarized in Table 71. 
The results of Analyses of Variance 1 and 4 indicated that 
males drove faster than females on both test-track sessions. 
Besides confirming the earlier findings of Discriminant 
Analyses 3,4 and 8, the estimated strength of association 
2 
between subjects' sex and driving speed, est. W = . 09 and 
2 
est. 0) _ . 11 respectively, indicates that an average of 
approximately 10% of the variance in drivers' speed was 
accounted for by their sex. The prominence of the 'Time' 
NFactors in the discriminant analyses referred to above 
suggested that drivers' speed on the test-track was the single 
most important variable in discriminating between males and 
females, and the results of Analyses of Variance I and 4 
confirm this. 
In a similar way, the dFactors associated with fine steering 
and coarse steering reversals carried relatively small 
discriminant weights in the discriminant analyses 
discussed 
above, and in general males' and females' steering 
behaviour 
was not found to differ in the analyses of variance of 
test- 
track data. The only exception to this was the significant 
Sex effect from Analysis of Variance 
6 which suggested that 
males made more coarse steering reversals 
than females on the 
second test-track session. The effect was very 
weak, however, 
est . ciJ2= . 
04, and the presence of a 
Power by Sex interaction in 
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TABLE 71 Summary of the results of the analyses of variance 
conducted on the test-track data showin the source 
of data, dependent variable, significant effects and 
associated values of p and est. WZ 
i nalysi s Source of Dependent Significant p est W 
Data Variable Effects 
Anova 1 Test-track I Time Sex <. O1 . 09 Order x. 01 . 56 Task x. 01 . 12 Ord x Task <. O1 . 28 
Anova 2 Test-track 1 Fine Steer Order x. 01 . 48 Task <. 01 . 47 Sex x Ord <. 05 . 01 
Anova 3 Test-track 1 Coarse Steer Order <. O1 . 37 Task <. O1 . 12 Sex x Task <. 05 . 03 
Ord x Task <. 01 . 07 
Anova 4 Test-track 2 Time Sex <. 01 . 11 Order <. 01 . 36 
Task <. O1 . 33 
Ord x Task <. ý1 . 18 
Anova 5 Test-track 2 Fine Steer Order <. O1 . 12 Task <. O1 . 61 
Ord x Task 4.05 . 03 
Anova 6 Test-track 2 Coarse Steer Sex ' . 05 . 04 
Order <. O1 . 06 
Task <. 01 . 37 
Pow x Sex <. 05 . 06 
Anova* lest-track 1 Subsidiary 
Task Scores 
Subsidiary 
Task Scores 
Task < . 01 . 75 
I Anova* Test-track 2 order <. 01 U3 
Task < . U1 . 79 
Pow X Sex <. 05 . 06 
Ord x Task <. Ul u3 
PowxSexxTask <. 05 . 01 
*These analyses were performed on the subsidiary task scores 
for 
the purpose of comparison with the analyses of covariance 
discussed 
later in this section. 
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this analysis indicated that the effect was primarily due to 
subjects' performance with the Conventional Reaction system. 
Individual comparisons of the Power by Sex interaction means 
revealed that males made significantly more coarse steering 
reversals than females only when using the Conventional 
Reaction system. 
The significant Order effects found for all three dependent 
variables in both test-track sessions can be attributed to 
subjects' learning or increased familiarity with the test- 
track driving task. (It should be remembered that level I of 
Order comprised test-track trials I and 2, level 2 comprised 
trials 3 and 4 and so on to level 4 of Order which comprised 
trials 7 and 8). Thus, the effect of Order was to reduce 
subjects' driving time and the number of fine and coarse 
steering reversals made on later trials. Interestingly, 
although the Order effect was seen in both test-track sessions, 
the strength-of the effect was reduced in the second test- 
track session as can be seen from the values of est. L) given in 
Table 71 . 
The presence of an Order by Task interaction in Analyses of 
Variance 1,3,4, and 5 is important since it indicates that 
the presence of the subsidiary task tended to reduce the 
learning effect described above. That is to say, the reduction 
seen in subjects' driving time, fine steering and coarse steer- 
ing reversals as they become more familiar with the 
test-track 
driving task was much less marked on those trials on which 
the 
subsidiary task was performed. 
The significant, and generally powerful, 
Task effects seen in 
all of the analyses of variance performed on 
the test-track data 
are of major importance since they are 
directly relevant to the 
first of the questions posed 
in the Results section, namely 
"does the presence of the subsidiary 
task affect subjects' 
[primary task performance? " 
The answer to this question must 
be an unequivocal "yes" since each 
of the primary task tieasures 
Time, Fine Steer, and Coarse Steer was 
found to be significantly 
different under Task I (no subsidiary 
task) and Task 2 
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(subsidiary task) conditions. The effect of the subsidiary 
task was to increase subjects' driving time. and the numbers 
of fine and coarse steering reversals made. In Analysis of 
Variance 3, a significant but weak Sex by Task interaction 
indicated that it was only males who showed an increase in 
the number of coarse steering reversals under subsidiary task 
conditions during the first test-track session. 
Interest in the analyses of covariance performed on subsidiary 
task scores from both test-track sessions focusses on their 
ability to remove the effects of the relationship between the 
primary task measures and the secondary task which was 
identified in the analyses of variance. The general result 
of adjusting subsidiary task responses for the effects of the 
covariates Time, Fine Steer and Coarse Steer was one of 
reducing the strength of the Task effect and increasing the 
strength of the Order effect when compared with the appropriate 
analysis of variance carried out on the unadjusted subsidiary 
task scores. The results of the two analyses of variance 
conducted on the unadjusted subsidiary task scores from test- 
track 1 and test-track 2 are summarized at the bottom of Table 
71. The results of the eight analyses of covariance conducted 
on the subsidiary task data are summarized in Table 72. 
In discussing the results of the analysis of variance and 
analysis of covariance of subsidiary task data, attention should 
first be drawn to the inevitability of a powerful. Task effect, 
due of course to the complete dependence of subsidiary task 
responses on whether or not the subsidiary task was 
administered. The absence of any subsidiary task responses 
under Task I conditions and the presence of subsidiary task 
responses under Task 2 conditions naturally leadsto a large, 
rather meaningless, Task effect in the two analyses of 
variance performed on the subsidiary task data. 
The strength 
of this Task effect was reduced in the analyses of covariance, 
however, when subsidiary task scores were adjusted 
for the 
relationship between the subsidiary task and the primary 
task 
measures and the latter were used as covariates. 
This was 
reflected by the appearance of non-zero means under 
Task 1 (no 
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TABLE 72. Summary of results of the analyses of covariance 
conducted on the test-track data showing the source 
of data1 dependent variable, covariate(s), signifi- 
cant effects and associated values of p and est. f. J2 
2 Analysis Source of Dependent Covariate Significant p estW 
Data Variable Effects 
Anocov 1 Test-track 1 Subsidiary Time Order 01 . 13 
task Task 01 . 66 
scores 
Anocov 2 Test-track 1 Subsidiary Fine Steer Order <. 01 . 05 
task Task <. 01 . 42 
scores 
Anocov 3 Test-track 1 Subsidiary Coarse Task <. 01 . 70 
task Steer 
scores 
Anocov 4 Test-track 1 Subsidiary Time Order <. 01 . 12 
task Fine Steer Task <. 01 . 42 
scores Coarse PowxTask <. 05 . 02 
Steer 
Anocov 5 Test-track 2 Subsidiary Time Order x. 01 . 08 
task Task <. O1 . 65 
scores OrdxTask' <. 01 . 06 
Anocov 6 Test-track 2 Subsidiary Fine Steer Order <. 
01 . 07 
task Task <. 01 . 42 
scores OrdxTask 4.01 . 
03 
PowxSexxTask <. 05 . 04 
Anocov 7 Test-track 2 Subsidiary Coarse Order <. 
01 . 05 
task Steer Task 01 . 66 
scores OrdxTask <. 
01 . 03 
Anocov 8 Test-track 2 Subsidiary Time 
Order c. 01 . 09 
task Fine Steer Task <. 01 . 37 
scores Coarse OrdxTask <. 
01 . 03 
Steer 
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subsidiary task) conditions in the tables associated with the 
analyses of covariance reported in the Results section. Again, 
the presence of a Task effect in the analyses of covariance is 
rather meaningless since it indicates only that there were 
significantly more subsidiary task responses when the subsidiary 
task was administered. The fact that the strength of the Task 
effect was reduced, however, by comparison with the analysis of 
variance carried out on the unadjusted subsidiary task scores, 
reflects the previously noted relationship between the presence 
of the subsidiary and longer driving times and greater numbers 
of steering reversals on the test-track. 
In seven of the eight analyses of covariance, a rather weak 
Order effect was seen, and in the analyses of the data from 
Test-track 2, a weak Order by Task interaction was also present. 
In general, the effect of Order was one of an increasing number 
of subsidiary task responses on later test-track trials, and, in 
the case of Analyses of Covariance 5,6,7 and 8, the Order by 
Task interaction means indicated that only under Task 2 
(subsidiary task) conditions was the Order effect seen. A 
significant Order by Task interaction might have been expected 
in every analysis in which an Order effect was found, since any 
differences in Order means would automatically be assumed to be 
limited to Task 2 (subsidiary task) conditions, and not to be 
present under Task I conditions in which the subsidiary task was 
absent. It would seem, therefore, that the adjustment made 
for 
the covariates in the analyses of Test-track 1 data was suffic- 
iently large for there to be significant differences among Task 
1 subsidiary task means, and for an Order effect to 
be associated 
with both levels of Task, hence the absence of any 
Order by Task 
interaction in these analyses. 
Although weak, the presence of an Order or an 
Order by task effect 
in the analyses of covariance provides some evidence 
that 
subjects found that the primary task 
became less demanding as 
their familiarity with it increased. Besides responding more 
frequently to the subsidiary task as the test-track sessions 
progressed, it should be remembered 
that subjects also tended to 
drive faster and make fewer steering rdversa. 
l s (see the discussion 
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of the analyses of variance of primary task variables above). 
Heither result is entirely unexpected, however, Indeed, it 
would be rather surprising if no learning of such a novel task 
as test-track driving had not taken place. 
The only significant effects involving the independent variable 
of primary interest, namely, power steering, were the Poptier by 
Task interaction from Analysis of Covariance 4, and the i'ower 
by Sex by Task interaction fron Analysis of Covariance 6. As 
noted in the Results section, however, the Power by Task 
interaction from Analysis of Covariance 4 was anomolous, in 
that subjects had been assigned to their power steering groups 
but were all driving with the standard power steering during 
the first test-track session from which the data were taken. 
It was suggested, therefore, that the significant Power by Task 
interaction was due to a predisposition on the part of some 
subject groups to respond more frequently to the subsidiary 
task rather than to any effect attributable to the power steer- 
ing. It is quite possible, therefore, that the Power by Task 
by Sex interaction reported in Analysis of Covariance 6 was also 
the result of a predisposition of subjects in some groups to 
respond differentially to the subsidiary task rather 
than to a 
genuine experimental of rect . 
lt is clear from the results of the analyses of variance 
discussed above that subjects' performance on the test-track 
was affectdd by the presence of the subsidiary task. 
Although 
instructed to respond to the subsidiary task only when they 
felt they had time, and to treat the subsidiary task as of 
secondary importance to the primary task of driving quickly and 
accurately on the test-track, subjects tended to 
drive more 
slowly and to make more steering reversals when responding 
to 
the subsidiary task. Moreover, the tendency 
for subjects to 
drive more quickly and to make fewer steering reversals as 
they became more familiar with the test-track 
driving task, vas 
much less marked on those trials on which 
the subsidiary task 
was administered. 
The use of analysis of covariance 
to introduce an ' after the 
fact' statistical control 
for the effect of the subsidiary 
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task on subjects' primary task performance was successful, 
therefore, in as -much that the Task effects and Order effects 
found in the analysis of variance of unadjusted subsidiary 
task responses were respectively weakened and strengthened 
when adjustment was made for the covariates. Although the 
significant Order effect found in the analyses of covariance 
indicated that subjects found the driving task less demanding 
as their familiarity with it increased, no reliable effects 
on subjects' subsidiary task performance were found with 
respect to the type of power steering in use. 
4.5.7 DISCUSSION OF THE RESULTS OF THE ANALYSES OF VARIANCE 
AND ANALYSES OF COVARIANCE IN RELATION TO THE FINDIIAGS 
OF PREVIOUS RESEARCH. 
Before leaving this discussion of the results of the analyses 
of variance and analyses of covariance, reference should be 
made to the findings of previous research which were reviewed 
in the Introduction. The results of the analyses of variance 
and analyses of covariance will first be discussed in relation 
to previous work which employed steering reversals as, a measure 
of drivers' performance, and secondly in relation to the work 
reviewed on the use of subsidiary tasks as a measure of 
'spare 
mental capacity' . 
Previous research which has employed steering reversals as a 
measure of driver performance was discussed in the preceding 
section in the context of the findings of the 
discriminant 
analyses. A further point remains to be made, 
however, with 
respect to the findings of the analyses of variance conducted 
on the test-track data and -IacLean and 
Hoffman's conception of 
steering reversals as a measure of 
'steerin, J task difficulty' . 
It was argued that the results of 
the discriminant analyses 
discussed previously could be interpreted as 
indicating that 
females found the test-track driving task more 
difficult than 
males, in that females were associated with 
driving more slowly, 
hitting more cones, and making greater 
numbers of steering 
reversals than males. Whilst 
the results of the analyses of 
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variance confirmed that males drove faster than females during 
both test -track sessions, in only one case, Analysis of 
Variance 6, was a significant difference found between the 
number of steering reversals made by males and females. 
Furthermore, this significant difference was in the direction 
of a higher number of coarse steering reversals made by male 
drivers, and was confined to the Conventional Eheaction steer- 
Ing cgroup. Although the particular combinations of test-track 
variables used as discriminant functions indicate that females 
found the test-track driving task more difficult than males, 
therefore, it is not possible to draw the same conclusion on 
the basis of the steering reversals data alone. 
It was also argued in the previous section that the presence 
of significant Order effects in both the analyses of variance 
and analyses of covariance of test-track data indicated that 
subjects found the test-track driving task less difficult as 
their familiarity with it increased. Thus, subjects tended to 
drive faster, to make more subsidiary task responses and fewer 
steering reversals on successive test-track trials. Whereas 
the increases in driving speed and the number of subsidiary 
task responses seem to indicate that subjects found the test- 
track task less demanding as the sessions progressed, the 
reduction in the number of steering reversals made may be a 
direct consequence of the increase in speed or, in the light 
of MacLean and Hoffman's conclusions, a further indication of 
a reduction in steering task difficulty over time. Whether 
the decrease in steerinc1 reversals is interpreted as a direct 
result of the increase in driver's speed as suggested previously, 
or as an independent measure of steering task difficulty, 
however, the overall interpretation of the Order effects 
remains the same. 
The use of subsidiary tasks as a measure of 
' spare mental 
capacity' in previous research was reviewed in the 
Introduction. 
it was emphasised in the review that, 
for subsidiary task 
performance to be interpreted as a valid measure of 
'spare 
mental capacity' , the presence of 
the subsidiary task must be 
shown not to affect subjects' performance on 
the priiflary task. 
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The results of the analyses of variance conc; ucted on the test- 
track data indicated quite clearly that, despite their 
instructions to respond to the Subsidiary task only when they 
felt they had time, subjects made a considerable effort to 
respond to the subsidiary task to the detriment of their 
primary task performance. Thus, subjects drove more slowly 
and made greater numbers of steering reversals on those 
trials on which the subsidiary task was administered than they 
did when they were not required to respond to the subsidiary 
task. 
From those studies reviewed, and on the basis of the findings 
of the present work, it would seem to he very difficult to 
devise a subsidiary task which is treated as such by subjects, 
and which fulfils the requirement that it does not interfere 
with primary task performance. It is possible that the choice 
of a visual-verbal subsidiary task in the present study was 
inappropriate, in the sense that both the ability to perform 
the subsidiary task and the ability to perform the primary task 
demanded vi sual information. Some authors, for example, Brown 
(1978) have argued that subsidiary and primary tasks should not 
share the same sensory or response modalities. However, as 
Wetherell (1981) has pointed out, if it is intended to measure 
drivers' redundant capacity for the driving task, then it seems 
appropriate to use a subsidiary task which has the most 
face 
validity for the situation being studied, that is, a visual and 
sensory-motor task. In this case, a visual monitoring 
subsidiary task was chosen for its obvious relevance to 
activities normally carried out in driving. 
In retrospect, 
perhaps a motor response to the visual stimulus may 
have been 
preferable to a verbal response in the present 
study. 
Having found that the subsidiary task used in the present study 
did affect drivers' primary task performance, an 
attempt wwas 
made to statistically compensate 
for this interference by the 
use of the analysis of covariance. 
To the extent that the 
pattern of subsidiary task scores was 
different after adjust- 
ment for the relationship between primary 
and subsidi, iry 
tasks, the use of the analysis of covariance 
in this situation 
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can be said to have been successful. It should he remembered, 
however, that the nature of the relationship between vari ate 
and covari ate in the analysis of covariance is assumed to be 
li near, and, in so far that the true nature of the relation- 
shi pis lz-near, the technique wi ll be successful in 
compensating for the effects of the subsidiary task on primary 
task performance. In the event that the relationship is non- 
linear, however, the use of the analysis of covariance will be 
relatively less successful in completely renºovinq the effects 
of subsidiary task interference on primary task performance. 
Fortunately, in the present study the subsidiary task was 
included as an additional source of data rather than as the 
only indication of subjects' test-track performance. VVhi1. st 
an attempt has been made to compensate for the observed 
relationship between the subsidiary and primary tasks, and 
to adhere to the interpretation of subsidiary task data as a 
measure of 'spare mental capacity', therefore, such an 
interpretation is not essential to an understanding of the 
test-track data. Given that the reduction in subjects' 
driving time and the number of steering reversals made on 
successive trials has been interpreted as an indication that 
drivers found the test-track task less difficult as they 
became more familiar with it, therefore it seems reasonable to 
assume that the increased number of subsidiary task responses 
wa may also be interpreted in the same y. 
Three points emerge from this discussion of the use of a 
subsidiary task in research of this kind. 
The first is that 
it is very difficult to introduce a subsidiary 
task into an 
experiment without affectinq subjects' performance on 
the 
task of primary interest. The second 
is that, where the 
introduction of a subsidiary task has been 
found to interfere 
with subjects' primary task performance, a statistical 
technique 
such as the analysis of covariance can 
be used to remove the 
effects of the sub sidiary task/ ppri; -g. ary 
task relationsh i F_) Lo the 
extent that this relationship 
is linear . Finally, as , 
t'ol fe 
(1971) has suggested, subjects' performance 
on a subsidiary 
task should be looked upon as a potentially 
useful source of 
additional information rather 
than as a performance Jieasure 
of primary importance. 
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4.6 . COHCLUSI011S AIJD HLCOMMMMFHDATLOH FWý FUI TH[_!? RFSFARC! -I. 
The research reported here was undertaken to provide an 
evaluation, by a sample of ordinary drivers, of an experimental 
multi-characteristic power steering system developed by Cam 
Gears Ltd. The object of this evaluation was to determine 
weich of the power steering characteristics available in the 
Cam Gears' system was 'optimal' from the ordinary driver's 
point of view, and which characteristic would, therefore, be 
inost appropriate for future production systems. The desi'jn of 
the experiment conducted was such that an additional evaluation 
of drivers' initial. responses to the standard power steerinn 
characteristics was also possible. 
In order to make these evaluations, an initial croup of 
drivers took part in a pilot experiment in which they drove a 
car fitted with the multi-characteristic power steering system. 
These drivers were asked to make a running commentary on their 
reactions to the steering, and their comments were tape 
recorded. Transcriptions of these tape recordings were then 
used to devise an evaluation questionnaire. 
A further one hundred drivers, half of them males and half of 
them females, then took part in the major experimental work 
which irivolved driving the experimental car over a specified 
route, completing an evaluation questionnaire, and carrying 
out various manoeuvres on a test-track. Subjects took part in 
tývo identical experimental sessions, the first using the 
standard power steering system, and in the second session 
using one of the four experimental systems, 
(or in the case of 
a control group of subjects, the standard cower steering 
system anain) . The same 
data were collecter_, on both sessions 
so that, for each subject, two identical sets of 
information 
were available, the first set involved subjects' performance 
with the standard power steering, and 
the second set their 
Performance with the experimental systems. 
The data were then subjected to principal 
components analysis 
which provided a series of 
factors - linear combinations of 
the original variables - which accounted 
for most variance in 
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subjects' responses in each of the questionnaires, road drives, 
and test-track portions of the experiment. These factors were 
then simplified to make them more interpretable, and were 
correlated with the original factors to ensure that they 
correspond closely. 
The simplified factors (NFactors) were then used as discriminant 
variables in another series of analyses which sought to 
distinguish between groups of subjects. The results of two of 
these, Discriminant Analyses 4 and 16, best satisfy the 
requirements and objectives of the study. 
Finally, the test-track data were further examined by means of 
the analysis of variance and analysis of covariance to test 
the validity of the subsidiary task which was employed during 
the test-track sessions as a measure of 'spare mental capacity'. 
4.6. CONCLUSIONS 
Drivers' initial reactions to the standard power assisted 
steering were clearly shown by the results of Discriminant 
Analysis 4, which was carried out on the NFactors derived from 
the data recorded during the first half of the experiment. 
The results of Discriminant Analysis 4 were discussed in terms 
of males' and females' responses to the force characteristics of 
the standard power steering which are depicted in Figure 1. 
Thus, it was suggested that males, who found it difficult to 
judge the amount of effort required to steer the car on round- 
abouts and when making sharp turns, and who tended to 'over- 
steer', were responding to the non-linear relationship between 
steering wheel-torque and system pressure. In discussing the 
results of the discriminant analyses in relation to previous 
work, it was noted that the relationship shown in Figure 1 could 
also be expressed in terms of Segel' s concept of steering force 
gradient. It was argued that the characteristics of the 
standard power steering system depicted in Figure 1 would 
produce a low, a1. most constant force gradient, so that males' 
responses provided support for Segel's findings that a 
low 
force gradient resulted in drivers undershooting or overshooting 
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the desired path. 
As noted in the Introduction, a common criticism of power 
assisted steering is that it lacks 'feel', that is, its force 
feedback characteristics are different from those of manual 
steering systems which tend to produce relatively high force 
qradients. It is clear from the findings of the present study, 
however, that the problem of 'lack of feel' is confined to 
male drivers. Fe; tiale drivers were not aware of any sudden 
changes in the effort required to steer the car, on the 
contrary, they found the steering sensitive, responsive and 
with good 'feel'. 
As Segel points out, the importance of the force feedback 
characteristics of vehicle steering should not be over- 
estimated, since his subjects were able to perform their tasks 
satisfactorily in the absence of any force feedback. 
Similarly, despite their difficulty in judging the amount of 
effort required to steer the car under some circumstances, and 
their tendency to 'oversteer', males in the present study were 
still willing to manoeuvre the car in traffic. 
r 
On the basis of their superior test-track performance, and the 
relatively lower speed at which they drove in a busy urban 
area, it was suggested in the Discussion that males may have 
been driving more safely than females in town during the first road 
run. Given that they drove faster on the motorway and trunk 
roads than females, however, it was also suggested that males 
may have driven less safely than females on the open road. 
Differences between males' and females' driving patterns in 
urban and open road driving were less apparent during the 
second road run, although males continued to drive faster and 
more accurately on the test-track. From these findings and 
the work by Storie (1977) referred to previously, there 
is 
some evidence that a relationship may exist 
between males' 
and females' driving patterns in urban and open road 
driving 
and the types of accident in which they 
become involved. 
The specification of the 'optimal' power steering 
character- 
istic was made on the basis of the results of 
Discriminant 
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Analysis 16. This analysis was carried out on the NFactors 
derived from the data recorded during the second half of the 
experiment, and experimental groups were defined in such a 
way that the subject's sex and the power steering group to 
which he was allocated were represented. Several problems were 
noted in the Discussion both in the definition of 'optimal', 
and with respect to specifying a single characteristic which 
could be considered 'optimal' for male and female drivers. 
Criteria were established, however, whereby those steering 
systems associated with near zero scores on functions 1 and 2 
from Discriminant Analysis 16 could be regarded most favour- 
ably. On the basis of these criteria, it is concluded that 
the Speed Proportional Feel system provided the optimal power 
steering characteristics for both male and female drivers. 
A number of variables were employed to describe drivers' 
performance in the two test-track sessions, namely, driving 
time, fine and coarse steering reversals, and the number of 
marker cones hit by drivers. In addition, a subsidiary task 
was administered on half of the test-track trials which 
required subjects to perform a visual-verbal monitoring task. 
Combinations of these primary task and subsidiary task measures 
provided an effective means of discriminating between the 
performance of the experimental groups on the test-track, as 
indicated by the results of the discriminant analyses. 
In addition, a series of analyses of variance and analyses of 
covariance performed on the test-track data also indicated that 
subjects found the test-track driving task less demanding as 
their familiarity with it increased. Thus, subjects tended to 
drive more quickly and to make fewer steering reversals on 
successive trials. It was clear from the results of the 
analyses of variance that the presence of the subsidiary task 
had affected subjects' primary task performance. In order to 
introduce an ' after the fact' statistical control for the 
effects of the subsidiary task on drivers' performance, 
therefore, a series of analyses of covariance was conducted on 
the subsidiary task data taking each of the primary 
task 
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variables as covariates. A weak Order effect was demonstrated 
in these analyses, with drivers responding more frequently to 
the subsidiary task on successive trials. The results of the 
analyses of covariance of subsidiary task data support those 
of the analyses of primary task measures, therefore, in that 
drivers appeared to find the task less difficult as their 
familiarity with it increased. No differences were found 
between the power steering groups in terms of the number of 
subsidiary task responses, however, and it is concluded that 
the various power steering characteristics did not differ with 
respect to the ease with which they enabled drivers to carry 
out the test-track driving task. 
The efficacy of employing a subsidiary task in research of 
this nature was questioned in the Discussion due to the 
difficulty of devising a subsidiary task which is treated as 
such by subjects. Although the interference of the subsidiary 
task measure with subjects' primary task performance can, to a 
greater or lesser extent, be removed by the use of a statist- 
ical procedure such as the analysis of covariance, it is 
concluded that subsidiary tasks should be viewed as an 
additional source of data and should not be relied upon as the 
only measure of subjects' performance. 
The conclusions which were made on the basis of the results 
obtained in the present study may be summarized as follows: 
1. Whereas male drivers experienced some problems with the 
standard power steering, finding it difficult to judge 
the amount of effort required to steer the car under some 
circumstances and tending to ' oversteer' , female drivers 
were unaware of any sudden changes in the effort required 
to steer the car, and responded more favourably to the 
standard power steering. Males' reaction to 
the standard 
power steering was thought to be related to 
its force 
feedback characteristics, that is, the non-linearities 
in 
the handwheel torque/system pressure curve shown 
in Figure 
1. These findings may also be interpreted in terms of 
Segel's observation that a less than optimal 
force 
gradient can result in drivers overshooting 
or under- 
shooting their desired path. 
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2. Notwithstanding their comments about the difficulties 
experienced with the standard power steeri ng, males 
expressed a willingness to manoeuvre the experimental 
car in traffic. The importance of the force feedback 
characteristics of the steering should not be over- 
estimated, therefore. 
3. Males were associated with feeling more confident in the 
standard power steering at speed, and with driving faster 
on the open road than females during the first road run. 
Males were also associated with driving faster and more 
accurately on the test-track in the first half of the 
experiement and with driving more slowly in town than 
females. Whilst this pattern of driving was less marked 
during the second road run, it was concluded that some 
evidence exists for a relationship between driving speed 
and the type of accident in which males and females 
typically become involved. 
4. On the basis of the discriminant functions derived in 
Discriminant Analysis 16, criteria were developed which 
allowed one of the experimental characteristics tested to 
be selected as optimal. The Speed Proportional Feel system 
was found to best satisfy those critieria for both male and 
female drivers. 
5. Analysis of the primary task and subsidiary task data 
recorded during the test-track sessions indicated that 
subjects found the test-track driving task less demanding 
as their familiarity with it increased. This was reflected 
in their driving faster, making fewer steering reversals 
and responding more frequently to the subsidiary task on 
successive trials. 
6. The difficulties associated with the successful implement- 
ation of a subsidiary task in research of 
this nature is 
such that subsidiary task data should 
be used to supplement 
comprehensive primary task measures rather 
than to provide 
the only measurement of subjects' performance. 
341 
4.6.2. RECOMMENDATIONS FOR FURTHER RESEARCH 
Two of the findings from the present study are considered to be 
worthy of further research. The first of these concerns the 
differences observed in males' and females' driving speeds in 
urban and highway driving. 
It was noted in the Results section that males drove faster than 
females on trunk roads and the motorway, but more slowly than 
females over the largest section of urban driving on the route. 
It was suggested that males drove less safely than females on 
the open road, therefore, but more safely than females in town 
driving (especially in view of males' demonstrated ability to 
drive quickly and accurately on the test-track). Reference was 
also made to previous work by Storie (1977) which suggests that 
males and females are typically involved in different types of 
accident. (Storie found that males tend to be involved in high 
speed accidents on the open road, for example, when overtaking, 
and that females tend to be involved in low speed accidents in 
urban driving, for example, at road junctions. ) 
If men and women do differ in terms of the speeds at which they 
generally drive in urban and open road conditions, and this is 
related to their accident involvement, it would clearly be of 
value to determine what factors influence drivers' choice of 
speed under these conditions. It may well be, for example, 
that men and women perceive the hazards of driving 
in town and 
driving on the open road differently, and that this 
is reflected 
in the speed at which they drive, and the type of accident 
in 
whi ch, they become involved. Further research 
is needed, there- 
fore, to first confirm that differences exist 
in reales' and 
females' driving speeds in those situations 
in which they are 
more often involved in accidents, and secondly, 
to indentify 
the factors which contribute to those 
differences. 
The second fi, n ding from the present study 
which requires further 
research is entirely concerned with power 
steering cfiaracter - 
istics. 
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It will be recalled from the Discussion that, in specifyinq the 
optimal power steering characteristics for both males and 
females, the Speed Proportional Feel system was chosen. It was 
also noted, however, that if male and female drivers were 
considered separately, the Speed Proportional Feel system 
appeared most suitable for males, whilst the standard power 
steering system seemed more suitable for females. Fortunately, 
this difference really reduces to one of the level of Speed 
Proportional Feel present in the system, since the latter is 
superimposed on the characteristics of the standard power 
steering system. An obvious next step would be to carry out 
a separate evaluation of the Speed Proportional Feel system in 
which the level of 'feel' is varied between zero (standard 
power steering) and a maximum value in excess of that used in 
the present study. 
Whether a single level of Speed Proportional Feel signal could 
be found which would better suit both males and females is 
doubtful. The present study would suggest that males might 
favour a higher level of Speed Proportional Feel than females, 
but the question would be relatively easily answered empirically. 
4.6.3. POST SCRIPT 
The results of this study were made available to the 
Ford Motor 
Company and to Cam Gears Ltd., immediately they became 
available and prior to the preparation of this thesis. 
A 
modified version of the Speed Proportional 
Feel system has now 
been fitted as standard equipment on the 1982 
Ford Granada. 
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APPENDIX A. Example of a power steering appraisal form used 
by one manufacturer's test personnel. 
POWER STEERING APPRAISAL SHEEP 
DRIVER; DATE: 
Vehicle Types 
Vehicle Registration: 
Pump : 
Cooler: 
Modifications: 
Engine Size/Type: 
Steering Gears 
Hoses: 
Tyres: 
Rating: 
(Ref Below) 
General Steering Feel 
Steering Effort - Dry Parking 
- Driving 
Steering Response - Straight Line 
- Cornering 
Steering Self-Centering 
(Returnability) 
Wheel Fight 
Nibble (Shimmy) 
Noise (Power Steering) 
Rating System: 
R em ark's 
I 
I 
Note: Ratings of 6 or below should be ju. tified. 
1234 5 
d B 
6 7 8 9 10 
Unacceptable 
er or 
Line Aooeptable 
Produotion Rejeot Barely Borde- r Very 
Customer Line Accep-- Fair Good Gooa 
Exoellent 
Poor Complaint table . 
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APPENDIX B. Form 'A' of the assessment questionnaire. 
c 
DRIVER QUESTIONNAIRE NAME FORM A 
Please answer the following questions by comparing the car you presently 
drive with a car you have driven in the past. If you drive more than one 
car on a regular basis, simply choose one with which you are very 
familiar. Indicate below which cars you will be comparing. 
My "present car" is 
Make Model Engine Size 
My "previous car" is 
Make Model Engine Size 
Please answer ALL the questions, placing a circle around whichever point 
on the scale seems to fit your own opinion most closely. If a particular 
item does not apply to the cars which you are comparing, simply circle 
the middle or "in between" category. 
APPENDIX B cont'd. 
1. How different is the steering on your present car from the steering 
on your previous car? 
A lot slightly no 
different different 1 different J 
2. Compared to your previous car, how quickly does your pr esent car 
respond to th e steering when you turn the wheel? 
Much more more no more more much more 
quickly quickly- quickly slowly slowly 
3. Compared with your previous car, how sensitive is the s teering on 
your present car with the wheel in the 'straight ahead' posi tion? 
Much more more no more less much less 
sensitive sensitive sensitive sensitive sensitive 
4. How powe rful is your present car compared with your pre vious car? 
Much more more no more less much less 
powerful powerful powerful powerful powerful 
5. Compared with your previous car, how easy was it to get used to the 
steering on y our present car? 
Much no more much more 
easier 
` 
easier 
easier I difficult I difficult 
I 
6. How much 'play' is there in the steering of your presen t car compared 
with the stee ring of your previous car? 
Much more more no more less much less 
play play play play play 
7. Compared with your previous car, how light is the steer ing of your 
present car when you are manoeuvring at very low speeds, for example, 
when parking? 
Much Lighter Heavier much 
lighter lighter heavier 
8. Having made a sharp turn, how forcefully does the steer ing wheel return 
itself to the straight ahead position on your present car, compared with your 
previous car? 
Much more more no more less much less 
forcefully forcefully forcefully forcefully forcefully 
9. When making a right angle turn in your present car, how difficult is it to 
position the car accurately compared with your previous car? 
Much more more no more less much less 
difficult difficult difficult difficult 
1 
f difficult 
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10. How much do you tend to 'oversteer', that is, turn the wheel further 
than necessary in your present car compared with your p revious car? 
much 
more no less much 
more more less 
11. Compared with your previous car, how difficult is it to judge the 
amount of effort needed to turn the wheel when making a right angle turn 
in your present car? 
Much more more no more less much less 
difficult difficult difficult l difficu lt difficult 
12. When passing a stationary vehicle in your present car, do you tend to 
move out earlier or later than you did in your previou s car? 
Much 
earlier later 
Much 
earlier earlier later 
13. While passing a stationary vehicle in your present car, do you tend 
to pass any closer alongside the vehicle than you did i n your previous car? 
Much less much less closer 
closer 
oser 
closer 1 closely closely 
14. Having passed a stationary vehicle i n your present car, do you tend to 
return to your lane earlier or later than you did in yo ur previous car? 
Much 
earlier later much 
earlier earlier later 
15. When coming up behind a slow moving vehicle, with traffic approaching 
from the opposite direction, are you more or less likel y to squeeze past in 
your present car than in your previous ca r? 
Much more more no more less much less 
likely likely likely likely likely 
16. Compared with your previous car, do you tend to 'h old back' more or 
less often in your present car to allow d rivers coming towards you to move into 
your lane when their lane is blocked? 
Much more more no more less much less 
often often often often often 
17. Would you be more or less likely to steer around a pedestrain in the middl( 
of crossing the croad rather than stoppin g in your pres ent car compared 
with your previous car? 
Much more more no more less much less 
likely 1 likely I likely likely i likely 
2 
5 
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18. Do you find the steering of your present car too light or too 
heavy at low speeds? 
Much too too not too too much too 
light light light heavy heavy 
19. Compared with your previous car, how much confidence does the 
steering of your present car give you? 
Much more more no more less much less 
confidence confidence I confidence confidence confidence 
20. When entering a roundabout, how difficult is it to posi tion your present 
car accurately compared with your previous car? 
Much more more no more less much less 
difficult difficult difficult difficult difficult 
21. Compared with your previous car, how light or heavy is the steering of 
your present car when manoeuvring at very low s peeds, for ex ample, when 
parking? 
Much lighter no heavier much 
lighter lighter heavier 
22. When approaching a line of traffic at traf fic lights, a re-you more 
or less likely to pass on the outside and form a second line in your present 
car compared with your previous car? 
Much more more no more less much less 
likely likely likely likely ( likely 
23. How willing are you to "wait your turn" at a mini round about in your 
present car compared with your previous car? 
Much more more no more less much less 
willing willing willing willing willing 
24. How long does it take you to go round a mini roundabout in your present 
car compared with your previous car? 
Much no less much less longer longer longer time time 
25. How long does it take you to enter a mini roundabout in your present 
car compared with your previous car? 
no Much less much less longer 
longer longer 
II 
time time 
26, Compared with your previous car, how diffi cult is it to judge the amount 
of effort needed to turn the wheel when you are entering an ordinary roundabout 
in your present car? 
Much more more no more less much less 
I difficult difficult j difficult 1 difficult J difficult 
6 
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27. How willing are you to 'nip in and out' to go around a stationary 
vehicle in your present car compared with your previous car? 
Much more more no more less much less 
L willing willing willing i willing willing 
28. Compared with your previous car, how easy or difficult is it to keep 
your present car 'on course' over uneven road surfaces? 
Much no more easier much more 
easier easier difficult difficult 
29. Compared with your previous car, how difficult is it to position your 
present car accurately when you are driving along straight roads? 
Much more more no more less much less 
difficult difficult difficult difficult difficult 
30. How much confidence does your present car's steering give you at 
moderate speeds compared with your previous car? 
Much more more no more less much less 
confidence Z confidence confidence confidence 1 confidence 
31. Compared with your previous car, how light is the steering on your 
present car at moderate to high speeds? 
Much lighter no heavier much lighter lighter heavier 
32. Do you find that the steering on your present car is too l ight or too 
heavy at moderate to high speeds? 
Much too too not too too much too 
light light light heavy heavy 
33. Do you find that the amount of effort required to turn the wheel is 
greater or less when driving slowly in your present _ar than when driving 
fast? 
greater nM less Au 
di 
roater greater 
1 
les less 
34. Compared with your previous car, how much confidence does the steering 
on your present car give you at high speeds? 
Much more more no more less much less 
confidence confidence confidence confidence confidence j 
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35. Compared with your previous car, how difficult is it to position your 
present car a ccurately on bends? 
Much more more no more less much less 
difficult difficult . difficult difficult difficult 
1 
36. Compared with your previous car, how difficult is it to judge. the amount 
of effort nee ded to turn the whe el when ta king a sharp bend in your present 
car? 
Much more more no more less much less 
difficult difficult difficult difficult difficult 
37. How fast do you drive along straight roads in your pres ent car compared 
with your pre vious car? 
Much 
aster faster more much 
more 
faster faster slowly slowly 
38. Compared with your previous car, how fast do you drive through bends 
in your prese nt car 
Much f aster no more much more faster faster slowly slowly 
39. When you are taking a right hand bend in your present c ar, how likely 
are you to cr oss the white line compared w ith taking a right hand bend in 
your previous car? 
Much more more no more less much less 
likely I 
likely likely likely i 
likely 
40. Compared with your previous car, do y ou overtake more o r less often in 
your present car? 
Much more more no more less much less 
often often often often often 
41'. Compared with your previous car, does the steering on y our present car 
give you more or less confidence when you are overtaking another vehicle? 
Much more more no more less much less 
confidence confidence confidence confidence confidence 
42. Compared with your previous car, how difficult is it to position your 
present car a ccurately when changing lanes to pass another vehicle? 
Much more more no more less much less 
difficult difficult difficult difficu)t difficult 
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43. Are you more or less likely to enter small gaps in the tra ffic in 
your present car compared with your previ ous car? 
Much more more no more less much less 
likley likely likley likely likely 
44. Compared with your previous car, have you noticed any more or any fewer 
sudden change s in the amount or effort re quired to turn. the whe el while 
steering your present car? 
Many no 
more fewer many 
more 
45. How much do you have to think about steering your present car 
compared with your previous car P 
much more 
no less much 
L more + more 
less 
46. When turning right from a major road into a minor road, ar e you more 
or less likel y to 'cut the corner' and cr oss the lane markings on the 
minor road in your present car compared w ith your previous car? 
Much more more no more less much less 
likely likely likely likely likely 
47. Do you find that the amount of effor t required to turn the wheel in 
your present car is greater or less when cornering hard than wh en cornering 
gently? 
Much 
greater less 
much 
greater greater less 
48. Compared with your previous car, how difficult is it to ju dge when the 
front wheels are pointing straight ahead in your present car? 
Much more more no more less much less 
difficult difficult difficult difficult difficult 
49. Compared with your previous car, how difficult is it to te ll in your 
present car how much grip there is betwee n the front wheels and the road? 
Much more more no more less much less 
difficult 
i1 
difficult difficult difficult 
fI 
difficult 
l 
50. On the motorway, how willing are you to accept a smaller g ap in the 
traffic when changing lanes in your prese nt car compared with y our previous car? 
Much more more no more less much less 
willing 
'ý 
willing willing willing 
tI 
willing 
t 
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51. On the motorway, how difficult is it to control your present car 
when changi ng lanes at moderate speeds compa red with your previous car? 
Much more more no more less much less 
difficult difficult difficult difficult difficult 
52. On the motorway how difficult is it to control your present car when 
changing la nes at high speeds compared with your previous car? ' 
Much more more no more less much less 
difficult difficult difficult 
! 
difficult difficult 
53. On the motorway, how difficult is it to maintain your lane position at 
moderate speeds in your present car compared with your pre vious car? 
Much more more no more less much less 
difficult difficult difficult difficult difficult 
54. On the motoiway how difficult is it to maintain your lane position at 
high speeds in your present car compared wit h your previou s car? 
Much more more no more less much less 
difficult difficult difficult difficult difficult 
55. Compared with your previous car, how ma ny corrective steering movements 
do you need to make in your present car 
Many 
more mo less many 
L 
re 
I l 1 
56. Compared with your previous car, do you feel that you have more or 
less to do when driving your present car? 
Much more more no more less much less 
to do to do to do t to do to do 
57. If you have more or less to do when driving your pres ent car, is this 
due tö any of the following? 
The steerin g? 
Completely partly not at all 
due 1 due due 
The type of gearbox ? 
Completely partly not at all 
due j due 1 due 
t1 i 
To the brakes ? 
Completely partly not at all 
due I due j due 
10 
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58. Compared with your previous car, how fast do you drive on average, in your present car 
Much faster no more much more faster I faster slowly slowly 
59. How'smoothly are you able to drive in your present car compared with 
your previous car? 
Much more more no more less much less 
smoothly smoothly smoothly smoothly smoothly 
60. Do you feel that the steering on your present car gives you more or less 
control over the car compared with the steering on your prev ious car? 
Much 
more no less much more more I j less 
(j 
r 
61. How frustrated do you become driving your present car c ompared with 
driving your previous car? 
Much more more no more less much less 
frustrated frustrated frustrated frustrated + frustrated 
62. Overall do you find the steering of your present car too light or too 
heavy? 
Much too too not too too much too 
1 ight light light heavy heavy 
63. Overall do you find the steering of your present car lighter or heavier 
than the steering of your previous car? 
Much lighter no lighter lighter heavier 
much 
heavier 
64. Compared with your previous car, do you find that you drive more or 
less aggressively in your present car? 
Much more more no more less much less 
aggressively aggressively aggressively aggressively aggressively 
65. Compared with your previous car, do you find that you are more or 
less relaxed in your present car? 
Much more more no more less much less 
relaxed relaxed relaxed relaxed relaxed 
66. Compared with your previous car, how alert are you when driving your 
present car? 
Much more more no more less much less 
alert alert alert alert alert 
11 
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67. When looking for a parking 
more or less willing to park on 
space in your 
the other sid 
present car, would you be 
e of the road compared with 
parking in your previous car? 
Much more more no more less much less 
willing willing willing willing i willing 
68. Compared with your previous car, do you feel you drive more or less 
safely in your present car? 
Much more more no more less much less 
safely safely 
I1I 
safely 
i 
safely safely 
69. Do you find the steering on your present car gives you more or less 
confidence at low speeds than at high speeds? 
Much more more no more less much less 
confidence confidence confidence confidence 1 confidence j 
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APPENDIX B cont'd. Form 'B' of the assessment questionnaire. 
DRIVER QUESTIONNAIRE NAME FORM B 
Please answer the following questions by comparing the car you have just 
driven with your own car (your 'present car' on Form A of the questionnaire). 
Please answer ALL the questions placing a circle round whichever point on 
the scale seems to fit your own opinion most closely. If a particular 
item does not apply to the cars which you are comparing, simply circle the 
middle or "in between" category. 
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Z. How different is the steering on the car you have just driven from 
the steering on your own car? 
A lot slightly no 
different different different 
2. Compared to your own car, how quickly doe s the car you' ve just driven 
respond to th e steering when you turn the whee l? 
Much more more no more more much more 
quickly quickly quickly slowly slowly 
3. Compared with your own car, how sensitive was the steering on the car 
you've just d riven with the wheel in the 'stra ight ahead' po sition? 
Much more more no more less much less 
sensitive sensitive sensitive sensitive sensitive 
4. How powe rful is your own car compared with the car you' ve just driven? 
Much more more no more less much less 
L powerful powerful powerful powerful powerful 
5. Compared with your own car, how easy was it to get used to the steering 
on the car yo u've just driven? 
Much no more much more 
easier easier easier difficult difficult 
6. How much 'play' is there in the steering of the car you 've just driven 
compared with the steering of your own car? 
Much more more no more less much less 
play play play play play 
7. Compared with your own car, how light was the steering of the car you've 
just driven when you are manoe uvring at very l ow speeds, for example, when parking 
Much lighter no heavier much 
L lighter lighter L I heavier 
8. Having made a sharp turn, how forcefully did the steering wheel return 
itself to the straight ahead p osition on the c ar you've just driven compared 
with your own car? 
Much more more no more less much less 
forcefully forcefully forcefully forcefully + forcefully 
9. When making a right angle turn in the car you've just driven, how 
difficult was it to position the car accurately compared wit h your own car? 
Much more more no more less much less 
difficult I difficult difficult difficult difficult 
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10. How much did you tend to 'oversteer' that is, turn the wheel further 
than necessary, in the car you've just driven compared with your own car? 
Much 
more no less much 
more more less 
11. Compared with your own car, how difficult is it to judge the amount 
of effort needed to turn th e wheel when making a right angle turn in the 
car you've just driven? 
Much more more no more less much less 
difficult difficult difficult difficult difficult 
12. When passing a stationary vehicle in the car you've just driven, did 
you tend to move out earlier or later than you do in your own car? 
Much 
ewer much later 
earlier [1 earlier 
later 
1 
13. While passing a stationary vehicle in the car you've just driven, did 
you tend to pass any closer alongside the vehi cle than-ybu do in your own car? 
Much no less much less closer 
closer I 
tI 
I closer closely closely 1 
14. Having passed a stationary vehicle in the car you've just driven, did 
you tend to return to your lane earlier or lat er than you do in your own car? 
Much 
earlier 
much later 
earlier earlier later 
15. When coming up behind a slow moving vehi cle with traffic approaching from 
the opposite direction, wer e you more or less likely to squeeze past in the 
car you've just driven than in your own car? 
Much more more no more less much less 
likely likely likely likely t likely 
16. Compared with your own car, did you tend to 'hold back' more or less 
often in the car you've jus t driven to allow d rivers coming towards you to move 
into your lane, when their l ane was blocked? 
Much more more no more less much less 
L 
often f of ten often I 
often often 
17. Would you be more or less likely to steer around a pedestrian in the middle 
of crossing the road rather than stopping in t he car you've just driven compared 
with your own car? 
Much more more no more less much less 
likely likely likely likely likely 
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18. Do you find the steering of the car you've just driven too light or 
too heavy at by speeds? 
Much too too not too too much too 
light light 1 light 1 
heavy heavy 
19. Compared with yoru own car, how much confidence does the steering of the 
car you've just driven give you? 
Much more more no more less much less 
confidence 
' 
confidence confidence confidence confidence 
20. When entering a roundabout how difficult was it to position the car 
you've just driven accurately compared with your own car? 
Much more more no more less much less 
difficult difficult 
1 
difficult difficult difficult 
, 
21. Compared with yoru own car, how light or heavy was the steering of the car 
you've just driven when manoeuvring at very low speeds, for example, when 
parking? 
Much lighter no heavier much 
I lighter t+ lighter II heavier I 
22. When approaching a line of traffic at traffic lights, were you more or 
less likely to pass on the outside and form a second lane in the car you've 
just driven compared with your own car? 
Much more more no more less much less 
likely 
L 
likely likely 
1 
likely likely 
I1 
23. How Willing, Were you to 'wait your turn' at a mini roundabout in the car 
you've just driven compared with your own car? 
Much more more no more less much less 
willing 
L 
willing willing willing willing 
24. How long did it take you to go round a mini roundabout in the car you've 
just driven compared with your own car? 
Much longer no 
less much less 
longer JI 
longer time time 
25. How long did it take you to enter a mini roundabout in the car you've 
just driven, compared with your own car? 
Much longer no 
less much less 
longer longer I time time 
26. Compared with your own car, how difficult was it to judge the amount of 
effort needed to turn the wheel when you are entering an ordinary roundabout 
in the car you've just driven? 
Much more more no more 
less much less 
diffictlt difficult difficult 
difficult 
' 
difficult 
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27. How willing were you-to 'nip in and out' to go around a stationary 
vehicle in the car you've just driven compared with your own car? 
Much more more no more less much less 
milling Willing willing willing i willing 
28. Compared with your own car, how easy or difficult was it to keep the car 
you've just driven'on course over uneven road surfaces? 
Much no more much more 
easier 
easier 
easier difficult difficult } 
29. Compared with your own car, how difficult was it to position accurately 
the car you've just driven when you were driving along straight roads? 
Much more more no more less much less 
i difficult i difficult difficult difficult ' difficult 
30. How much confidence did the steering of the car you've just driven give 
you at moderate speeds compared with your own car 
Much more 
confidence 
more 
confidence 
no more 
confidence 
less 
confidence 
much less 
confidence 
31. Compared with your. own car, how light is the steering on the car you've 
just driven at moderate to high speeds? 
Much 
lighter I 
lighter 
I lighter 
heavier much heavier 
32. Did you find that the steering on the car you've just driven was too 
light or too heavy at moderate to high speeds? 
Much too 
light 
too 
light 
not too 
light 
too 
heavy 
much too 
heavy 
33. Did you find that the amount of effort required to turn the wheel is 
greater or le ss when driving slowly in the car you've just driven than when 
driving fast? 
Much greater less 
much 
greater 
1 1 
greater 1 1 
less 
34. Compared with your own car, how much c onfidence did the steering on the car 
you've just d riven give you at high speeds? 
Much more more no more less much less 
confidence 
L 
confidence confidence confidence confidence 
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35. Compared with your own car how difficult was it to position the car you've just driven accurately on be nds? 
Much more more no more less much less 
difficult difficult difficult difficult difficult 
36. Compared with your own car how difficult was it to judge the amount of 
effort needed to turn the wh eel when taking a sharp bend in the car you've 
just driven? 
Much more more no more less much less 
difficult difficult difficult difficult j difficult 
37. How fast did you drive along straight roads in the car you 've just 
driven compared with your own car? 
Much faster no more much more 
faster faster slowly slowly 
38. Compared with your own car, how fast did you drive through bends in 
the car you've just driven? 
Much faster no more much more 
faster 
I 
faster 
l 
slowly slowly 
39. When you were taking a right hand bend in the car you'"ve j ust driven, how 
likely were you to cross the white line compared with taking a right hand 
bend in your own car? 
Much more more no more less much less 
likely likely likely likely likely 
40. Compared with your own car, did you overtake more or less often in the 
car you've just driven? 
Much more more no more less much less 
often 
L 
often often often often 
1 
41. Compared with your own car, did the steering on the car yo u've just driven 
give you more or less confid ence when you were overtaking anoth er vehicle? 
Much more more no more less much less 
confidence 
i 
i confidence confidence I 
confidence confidence 
42. Compared with your own car, how difficult was it to positi on the car 
you've just driven accuratel y when changing lanes to pass anoth er vehicle? 
Much more more no more less much less 
difficult difficult difficult difficult difficult 
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43. Were you more or less likely to enter small gaps in the traffic 
in the car you've just driven compared with your own car? 
Much more more no more less much less 
likely likely j likely likely likely 
44. Compared with your own car did you notice any more or any fewer 
sudden changes in the amount of effort required to turn the wheel in the 
car you've just driven? 
Many 
more 
no fewer many 
more more fewer 
L1 
45. How much did you have to think about steering the car you've just driven 
compared with your own car? 
Much 
more no less much 
more more less 
46. When turning right from a major road into a minor road., were you more 
or less likely to 'cut the corner' and cross the lane markings on the minor 
road in the car you've just driven compared with your own car? 
Much more more no more less much less 
likely likely likely likely likely 
47. Did you find that the amount of effort required to turn the wheel 
in the car you've just driven was greater or less when cornering hard 
than when cornering gently? 
Much 
eater 
no less much 
greater 
greater greater less 
48. Compared with your own car, how difficult was it to judge when the front 
wheels were pointing straight ahead on the car you've just driven? 
Much more more no more less much less 
difficult difficult difficult i difficult difficult 
49. Compared with your own car how difficult was it to tell in the car you've 
just driven how much grip there was between the front wheels and the road? 
Much more more no more less much less 
difficult difficult ( difficult 
difficult difficult 
II 
50. On the motorway how willing were you to accept a smaller gap in the 
traffic when changing lanes in the car you've just driven compared with 
your own car? 
Much more more no more less much less 
willing willing willing willing willing 
51. On the motorway how difficult was it to control the car you've just 
driven when changing lanes at moderate speeds compared with your own car? 
Much more more no more 
less much less 
difficult difficult { difficult difficult difficult 
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52. On the motorway how difficult was it to control the car you've just 
driven when changing lanes at high speeds compared with your own car? 
Much more more no more less much less 
difficult difficult difficult difficult difficult 
53. On the motorway how difficult was it to maintain your lane position 
at moderate speeds in the car you've just driven compared with your own 
car? 
Much more more no more less much less 
difficult difficult difficult difficult difficult 
I I II 
54. On the motorway how difficult was it to maintain your. lane position 
at high speeds in the car you've just driven compared with your own car 
Much more more no more less much less 
difficult difficult difficult difficult difficult 
55. Compared with your own car how many corrective steering movements did you 
need to make in the car you've just driven? 
Many 
more less 
many 
more 
I 
i re 
1I 
less 
56. Compared with your own car do you feel that you had more o r less to 
do in the car you've just driven 
Much more more no more less much less 
to do 1 to do 
L 
to do to do to do 
! 
57. If you felt that you had more or less to do in the car you 've just driven 
was this due to any of the following? 
The Steering 7 
Completely Partly Not at all 
I due due I due I 
The type of Gearbox 
Completely partly not at all 
due + due due 
To the brakes' 
Completely partly not at all 
due I due 
t 
due 
58. Compared with your own car how fast did you drive on average in the 
car you've just driven? 
Much faster no more much 
more 
faster faster slowly slowly 
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59. How smoothly were you able to drive in the car you've just driven 
compared with your own car? 
Much more more no more less much less 
smoothly i smoothly smoothly smoothly ( smoothly 
60. Did you feel that the steering on the car you've just driven gave you 
more or less control over the car compared wi th the steering i n your own car? 
Much 
more no less much 
more 1 more I I 
less 
61. How frustrated did you become in the car you've just driven compared 
with driving your own car? 
Much more more no more less much less 
frustrated i frustrated frustrated frustrated i frustrated r 
62. Overall did you find the steering of the car you've just driven too 
light or too heavy? 
Much too too not too too much too 
light light 
l 
light heavy heavy' 
i 
63. Overall did you find the steering of the car you've just driven lighter 
or-heavier than the steeri ng of your own car? 
Much lighter 
lighter 
no 
I 
lighter 
I 
heavier 
I 
much 
heavier 
64. Compared with your own car did you find that you drive more or less 
aggressively in the car yo u've just driven 
Much more more no more less much less 
aggressively aggressive ly I aggressively aggressively ' aggressively] 
65. Compared with your own car did you find that you were more or less 
relaxed in the car you've just driven? 
Much more more no more less much 
less 
relaxed relaxed relaxed relaxed relaxed 
66. Compared with your ow n car how alert did you feel in the car 
you've just driven? 
Much more more no more less much 
less 
alert alert t 
alert alert alert 
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67. When looking for a parking space in the car you've just driven, would 
you be more or less willing to park on the other side of the road compared 
with parking in your own car? 
Huch more more no more less much less 
willing willing willing willing willing 
68. Compared with your own car did you feel that you drive-more or 
less safely in your car than the car you've just driven in? 
Much more more no more less much less 
safely safely safely I safely , safely 
69. Did you find the steering on the car you've just driven gave you more 
or less confidence at low speeds than at high speeds? 
Much more more no more less much less 
confidence confidence confidence confidence confidence 1 
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DRIVER QUESTIONNAIRE. NAME FORM C 
Please answer the following questions by comparing the- car as you have just 
driven it with the car as it was when you first drove it. 
Please answer ALL the questions placing a circle around whichever point 
on the scale seems to fit your own opinion most closely. If a particular 
item does not apply, simply circle the middle or "in between" category. 
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1. How different was the steering on the car this time from the steering 
on the car last time? 
A lot slightly no 
J 
different different different 
2. Compared to the car l ast time how quickly did the car respond this 
time to the steering when you turn the wheel? 
Much more more no more more much more 
quickly quickly quickly slowly slowly 
3. Compared with the car last time how sensitive was the steering on 
the car this time with the wheel in the 'straight ahead' position? 
Much more more no more less much less 
sensitive 1 sensitive sensitive 1 sensitive i sensitive 
4. How powerful was the car this time compared with the car last time? 
Much more more no more less much less 
powerful t powerful powerful I J powerful powerful 
5. Compared with the car 
- 
last time, how easy was it to get used to 
the steering on the car th is time? 
Much 
easier no more much more 
easier easier difficult difficult 
6. How much play was there in the steering of the car thi s time compared 
with the steering of the car last time? 
Much more more no more less much less 
play play 1 play play play 
7. Compared with the car last time how light was the stee ring of the car 
this time when you-were manoeuvring at very low speeds, for example when parking? 
Much lighter no heavier much 
lighter lighter heavier 
L__ 
I t 
8. Having made a sharp turn how forcefully did the steeri ng wheel return 
itself to the straight ahead position on the car this time compared with the 
car last time? 
Much more more no more less much less 
forcefully forcefully forcefully forcefully forcefully 
9. When making a right angle turn in the car this time ho w difficult 
was it to position the car accurately compared with the car last time? 
Much more more no more less much less 
difficult difficult difficult difficult difficult 
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10. How much did you tend to oversteer that is, turn the wheel further 
than necessary in the car this time compared with the car last time? 
Much no more less much more 
L more less 
11. Compared with the car last time how difficult was it to judge the amount 
of effort needed to turn the wheel when makin ga right an gle turn in the 
car this time? 
Much more more no more less much less 
difficult difficult difficult difficult difficult 
12. When passing a stationary vehicle in the car this time did you tend 
to move out earlier or later than you did in the car last time? 
Much 
earlier no later much earlier earlier later 
13. While passing a stationary vehicle in the car this t ime did you tend to 
pass any closer alongside the vehicle than yo u did in the car last time? 
Much 
closer no 
less much less 
closer 
I! closer closely closely 
14. Having passed a stationary vehicle in the car this t ime did you tend 
to return to your lane earlier or later than you did in the car last time? 
Much 
earlier 
no later much 
earlier later I 
later 
15. When coming up behind a slow moving vehi cle with tra ffic approaching 
from the opposite direction were you more or less likely to squeeze past 
in the car this time than you were in the car last time? 
Much more more no more less much less 
likely likely likely j likely likely 
16. Compared with the car last time did you tend to hold back more or 
less often in the car this time to allow driv ers coming t owards you to move 
into your lane when their lane was blocked? 
Much more more no more less much less 
often often often often often 
17. Would you be more or less likely to stee r around ap edestrian in the middle 
of crossing the road rather than stopping in the car this time compared 
with the car last time? 
Much more more no more less much less 
likely likely likely likely likely 
- 
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18. Do you find the steering of the car this time too light or too heavy 
at low speeds? 
Much too too not too too much too 
I 
light light 
lJ 
light 
l 
heavy heavy 
1 
19. Compared with the car last time how much confidence does the steering 
of the car this time give you? 
Much more more no more less much less 
confidence + confidence 
I 
confidence 
1 
confidence 
! 
1 
confidence 
20. When entering a roundabout how difficult was it to position the 
car accurately this time compared with the car last time? 
Much more more no more less much less 
difficult difficult i difficult 1 difficult difficult 
21. Compared with the car last time how light or heavy was the steering of 
the car this t:. me when manoeuvring at very low speeds, for e xample, when 
parking? 
Much lighter no heavier much 
lighter lighter heavier 
22. When approaching a line of traffic at traffic lights we re you more 
or less likely to pass on the outside and form a second lane in the car this 
time compared with the car last time? 
Much more, more no more less much less 
likely likely 
1 
likely likely likely 
L 
23. How willing were you to wait your turn at a mini rounda bout in the car 
this time compared with the car last time? 
Much more more no more less much less 
willing willing willing willing willing 
24. How long did it take you to go round a mini roundabout in the car this 
time compared with the car last time? 
Much no less much less longer 
longer longer time time. 
25. How long did it take you to enter a mini roundabout in the car this 
time compared with the car last time? 
Much longer no 
less much less 
i longer longer time me t 
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26. Compared with the car last time., how difficult was it to judge the amount 
of effort needed to turn the wheel when you we re entering an ordinary 
roundabout in the car this time? 
Muth more more no more less much less difficult difficult difficult difficult difficult 
27. Hbw willing were you to nip in and out to * go around a stationary vehicle in the car this time compared with the car las t time? 
Much more more no more less much less 
willing willing willing willing willing 
28. Compared with the car last time, how easy or difficult was it to 
keep the car on course over uneven road surfac es this time? 
Much 
easier no more much more easier. 'I" easier I difficult difficult 
29. Compared with the car last time how diffi cult was it to position the 
car accurately this time when you were driving along straight roads? 
Much more more no more less much less 
difficult difficult 
I 
difficult difficult difficult I 
30. How much confidence did the steering of the car this time give you 
at moderate speeds compared, with the car last time? 
Much more mire no more less much less 
confidence confidence confidence confidence, confidence 
31. Compared with the car last time how light is the steerin g on the car 
this time at moderate to high speeds? 
Much lighter no heavier much 
lighter lighter heavier 
32. Did you find that the steering on the car this time was too light or 
too heavy at moderate to high speeds? 
Much too too not too too much too 
light light light heavy 
I 
heavy 
1 
33. Did you find that the amount of effort required to turn the wheel was 
greater or less when driving slowly in the car this time than when driving fast? 
Much no 
greater less 
much 
greater greater less 
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34. Compared with the car last time how much confidence did the steering 
on the car this time give you at high speeds? 
Much more more no more less much less 
confidence confidence confidence confidence confidence 
35. Compared with the car last time how difficult was it to position the 
car accurately this time on bends? 
Much more more no more less much less difficult 
l 
difficult difficult 
t 
difficult difficult 
i 
36. Compared with the car last time how difficult was it to judge the 
amount of effort needed to turn the wheel when taking a sharp bend in the 
car this time? 
Much more more no more less much less 
difficult difficult difficult difficult difficult 
37. How fast did you drive along straight roads in the car this time 
compared with the car last time 
Much faster no more much more 
faster 
II faster slowly slowly 
38. Compared with the car last time how fast did you drive through bends 
in-the car this time? 
Much no more much more 
faster 
faster 
faster I slowly slowly 
1 
39. When you were taking a right hand bend in the car this time how likely 
were you to cross the white line compared with taking a right hand bend in 
the car last time? 
Much more more no more less much less 
likely likely I likely I likely likely 
40. Compared with the car last time did you overtake more or less often 
in the car this time? 
Much more more no more less much less 
often often often often often 
41. Compared with the car last time did the steering on the car this time 
give you more or less confidence when you were overtaking another vehicle? 
Much more more no more less much less 
confidence confidence confidence confidence confidencel 
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42. Compared with the car last time how difficult was it. to position the 
car accurately this time when changing lanes to pass another vehicle? 
Much more more no more less much less difficult difficult difficult difficult difficult 
43. Were you more or less likely to enter small gaps in the traffic in 
the car this time compared with the car last time? 
Much more more no more less much less 
likely likely likely likely likely 
c1 
44. Compared with the car last time did you notice any more or any fewer 
sudden changes in the amount of effort required to turn the wheel in the 
car this time? 
Many 
more no fewer many 
! more [[ more fewer 
45. How much did you have to think about steering the car this time 
compared with the car last time 
Much 
more no less much 
L more 1[ more 1 less 
46. When turning right from a major road into a minor road were you 
more or less likely to cut the corner and cross the lane markings on the 
minor road in the car this time compared with the car last time? 
Much more more no more } less much less 
likely likely likely likely likely 
47. Did you find that the amount of effort required to turn the wheel 
in the car this time was greater or less when cornering hard than when 
cornering gently? 
much Much 
greater 
greater 
greater 
less 
less 
48. Compared with the car last time how difficult was it to judge when the 
front wheels were pointing straight ahead on the car this time? 
Much more more no more less much less 
difficult + difficult i difficult [ 
difficult difficult 
49. Compared with the car last time how difficult was it to tell this time 
how much grip there was between the cars front wheels and the road? 
Much more more no more less much less 
difficult 
[ 
difficult difficult difficult difficult 
Ll1 
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50. On the motorwayihoa willing were you to accept a smaller gap in the traffic when changing lanes in the car this time compared with the-car last time? 
Much more 
willing 
more 
willing 
no more 
willing 
less 
willing 
much. less 
willing 
51. On the motorway how difficult was it to control the car this time when 
changing lanes at moderate speeds compared with the car last time? 
Much more more no more less much less difficult difficult difficult difficult difficult 
52. On the motorway how difficult was it to control the car this time when 
changing lanes at high speeds compared with the car last time? 
Much more more no more less much less 
difficult difficult difficult difficult difficult 
53. On the motorway how difficult was it to maintain your lane position at 
moderate speeds in the car this time compared with the car last time? 
Much more more no more less much less 
difficult difficult difficult difficult difficult 
54. On the motorway how difficult was it to maintain your lane position 
at high speeds in the car this time compared with the car last time? 
Much more more no more less much less 
difficult difficult difficult difficult difficult 
55. Comp aced with the car last time how . any corrective steering movements 
did you need to make in the car this time? 
many Many more 
more 
less 
less 
56. Compared with the car last time did you feel that you had more or 
less to do in the car this time? 
Much more more no more less much less 
to do to do to do to do to do 
57. If you felt ath you had more or less to do in the car this time was 
this due to any of the following: 
The steering' Completely partly not at all 
due due due 
The type of gearbox Completely partly not at all 
due due due 
To the brakes? Completely partly not at all 
due due 1 due 
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58. Compared with the car last time how fast did you drive on average in the car this time? 
Much 
faster faster 
no more much more 
II 
faster slowly slowly 
59. How smoothly were you able to drive in the car this time compared with the car last time? 
Much more more no more less much less 
smoothly smoothly smoothly smoothly smoothly 
1 
60. Did you feel that the steering on the car this time gave you more 
or less control over the car compared with the steering last time? 
Much 
more no much less more II more less 
61. How frustrated did you become in the car this time compared with driving the car last time 
Much more 
I 
frustrated 
more 
frustrated 
no more 
frustrated 
'less 
frustrated 
much less 
frustrated 
62. Overall, did you find the steering of the car this time too light 
or too heavy? 
Much too too not too too much too 
light light light I heavy I heavy 
63. Overall,. did you find the steering of the car this time lighter or 
heavier than the steering of the car last time? 
Much lighter no heavier much lighter , lighter I heavier 
64. Compared with the car last time did you find that you drove more or 
less agressively in the car this time? 
Much more 
aggressively 
more 
aggressively, 
no more 
aggressively 
less 
aggressivel 
much less 
y aggressively 
65. Compared with the car last time, did you find that you were 
more or less relaxed in the car this time? 
Much more more no more less much less 
relaxed 
I 
relaxed 
1 
relaxed 
l 
relaxed relaxed 
1i 
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66. Compared with the car last time how alert did you feel in the 
car this time? 
Much more more no more less much less 
alert alert I alert alert ( alert 
67. When looking for a parking space in the car this time, would you be 
motor less willing to park on the other side of the road c ompared with 
parking in the car last time? 
Much more more no more less much less 
willing willing willing willing willing 
68. Compared with the car last time did you feel that you drove more or 
less safely in the car this time? 
Much more more no more less much less 
safely safely safely safely safely 
69. Did you find the steering on the car this time gave yo u more or less 
confidence at low speeds than a t high sp eeds? 
Much more more no more less much less 
confidence confidence confidence confidence confidence 
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APPENDIX B. Modifi cations a nd addi tional equipment fitted 
to the interior of the experimental car. 
Function 
Keys Readout 
Readout Reset AOn/Off 
STOP 
WATCH 
aa ýý _I 
Reset 
OOo0 
S. oQo 
POWER 
STEERING 
CONTROL 
SWITCHES 
STEERING REVERSALS 
COUNTER 
On/Off 
SUBSIDIARY TASK 
DISPLAY UNIT 
Light 
, -" Readout 
Pressure 
Numbered Lights Gauge 
FOOTSWITCH 
FIGURE 1. Recording instruments and power steering control 
switches. 
Socket-and-Pin joints 
'A' 
lPillar 
1 
'B' 
Pillar 
ROLL-OVER 
CAGE 
Securing 
Plates 
ý' r 
\ý 
ýý, 
_ _, 
\ 
FIGURE 2. The roll-over cage. 
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APPENDIX E. Data sheet used to record subjects' biograph- 
ical data. 
PROSPECTIVE SUBJECT BIOGRAPHICAL DATA 
NAME SEX AGE 
ADDRESS 
TEL NO, OCCUPATION 
DRIVING RECORD: 
TYPE OF LICENCE NO YEARS HELD. 
APPROX ANNUAL MILEAGE. CAR PRESENTLY OWNED/DRIVEN 
MAKE MODEL YEAR 
CARS PREVIOUSLY OWNED/DRIVEN: NONE FEW MANY 
FAMILIARY WITH AUTO TRANS: NONE LITTLE LOT 
FAMILIARY WITH PAS: NONE LITTLE . LOT 
ATTITUDES TO DRIVING: 
ENJOY IT? 
MOTOR SPORT? 
GIVEN CHOICE WHAT CAR? 
WHY7 
AVAILABILITY: 
PERIODS WHEN NOT AVAILABLE (E. G. HOLIDAYS) 
MON TUE WED THU FRI SAT SUN 
AM 
PM 
EVENING 
 INDICATES NORMALLY AVAILABLE, X INDICATES NOT NORMALLY AVAILABLE 
ANYTIME 0 
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APPENDIX F. Sketch map of Uhe test route used durin¬ the 
Evaluation Study. The route is approximately 
50 kilometres long. (not drawn to scale). 
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APPENDIX G. Cont d. 
The first five variables which appear on the data sheet 
shown on the previous page were recorded only at the end 
of sections 1,5,8,12 and 18. These variables may be 
defined as follows: 
Hand Position. This was recorded in terms the position of 
the numbers on a clock face. Thus, the entry 10/2 would 
indicate that the subject was driving with his hands. in 
the classic 'ten to two' position. . 
Technique. This was recorded as either 'hand over hand' 
(H/H) or 'feeding' (F), depending on whether the subject 
crossed his hands when steering or passed the wheel through 
his hands in a feeding motion. 
Grip. The subject's grip on the steering wheel was record- 
ed as being either firm (F) or loose (L). 
Arm Position. The subject's arm position was recorded in 
terms of the angle between forearm and upper arm. If this 
angle was estimated to be between 150 and 160 degrees, the 
experimenter recorded the arm position as straight (S). If 
the angle was estimated to be less than 150 degrees, the 
subject's arm position was recorded as bent (B). 
Posture. This was recorded in terms of the angle between 
the subject's back and the horizontal. An estimated angle 
greater than 90 degrees was recorded as 'forward' (F), an 
angle of 90 degrees was recorded as 'erect' (E), and an 
angle estimated to be less than 90 degrees was recorded as 
'reclining' (R). 
The following variables were recorded from instruments in 
the car at the end of each section: 
(Time. This was recorded in minutes and seconds from the 
electronic stop watch. 
Fine Steer. The number of fine steering reversals was re- 
corded from the steering reversals counter 
fitted on the 
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dashboard immediately in front of the experimenter. 
Coarse Steer. The number of coarse steering reversals was 
also recorded from the display on the steering reversals 
counter. 
The following variables were also recorded on each section 
of the route: 
Rapid Reversals. These were the result of the tendency to 
'oversteer' described by subjects in the Pilot Study. Each 
time the subject made a steering input which was followed 
by a rapid and significant corrective movement, a 'rapid 
reversal' was recorded. 
Wheel in Curb. This item was endorsed each time the near- 
side wheels touched the curb or were placed on the road 
edge,, 
Corner Cutting. This item was endorsed each time the exper- 
imenter judged that the off-side wheels of the car crossed 
the white line when the subject was cornering. 
Hold Back. Holding ba. ck was defined as the subject's re- 
fusal to enter a gap (1) between two vehicles which the 
experimenter judged would leave the driver with at least 
half a metre at each side of the car, or (2) between a 
cyclist and a vehicle which the experimenter judged would 
leave the driver with at least a metre between his car and 
the cyclist and at least half a metre between himself and 
the other vehicle. 
Squeeze By. This item was endorsed each time the subject 
entered a gap judged to be smaller than those defined in 
Hold Back (1) and (2) above. 
Courtesy. Courtesy was defined as giving way to another 
road-user when not required to do so by law, and was qual- 
ified in terms of (l) stopping to give way, (2) slowing 
down to give way, or (3) waiting when already stopped in 
order to allow another road-user priority. 
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Rapid (1) Stop. This was defined as asevere braking man- 
oeuvre indicating a lack of anticipation or emergency 
behaviour on the driver's part. 
(2) Slow. This was defined as above but did not re- 
quire the car to come to a standstill. 
Overtake (1) Compressed. A 'compressed' overtaking manoeuvre 
was one in which the driver was forced to 'cut in' on the 
vehicle he was overtaking because of oncoming traffic. 
(2) Extended. An overtaking manoeuvre involving 
more than one vehicle being overtaken. 
(3) Aborted. This item was endorsed each time the 
subject began an overtaking manoeuvre by accelerating and 
pulling out but was forced to decelerate and return to his 
own lane by oncoming traffic. 
(4) Unhurried. This item was endorsed each time 
the subject was able to carry out an overtaking manoeuvre 
in a relaxed and comfortable manner. 
The last variable which appears on the road drive data 
sheet was recorded only on the motorway (section 8) and 
this was defined as follows: 
Lane Change. This item was endorsed each time the subject 
changed lanes, either to the right or to the left, on the 
motorway. 
40 
93m. 
0OOOOOOOO 
O----_- O 
0 
'O 0O00 OrO 00 -- -, o O 
p0 ZO LANE-KEEPING TASK O\ \0 
ýý 
ý ©\0 
0 
U 
C5 
co 
E-+ 
a) 
0 
H 
F= i 
Pi 
01 0 
0/0 
r, 
In 
010 - 
010 
t o. o 00\\0 0/ 
' °° \\ o °1° °° 010 or 
°ý p 
0 oA 
00 
41 0---- 00 Oo a--O 1 o-D O\ o 0,40 
o, o toio 0--, 
o 
pp 
o0 
ow 
010 /I 0p NpýO 
°1° O/ \° -, ooo 40O 1º w ýw 
OO 0/ ©O \O 5: 11 -: 4 0 ý: D i AT pl-I ý 010 °10°ö 
010 O 10 
'OIO' 1 010 010 
rn 
O, d-ý i O-ýQ-O O, -fl 
Lcl\ 
OHO 0 10 0 10 
O 10 0I0 Ö Io w 
O 10 O 10 
Ci 010 O, 
%O 
O/0/ .O 
a 
ovo O °41o 
04 0 o% 1 
S O! O d--O I O--D 
OO 
0\ 
010 
- 
d-OA 0-D 
O Oto OOQ \Q 0 ý- - 
0 ,0,0Q \O 
O, ý 4O 
\O 
OHO 
O1Q 
ONO 
Q1Q 
Q O/Q 
O`0 
0 
000 
vt 
Cü 
a) 
Cf) 
10 0 
w 
0 z 
:I F=-A 
C- 
O 
O 
(1) H 
5-11 O 
o U C5 
N 
.x 4-r Q) Sý 0 
s 
O E Sy U O r---ý 
Sý O -Fý "rl 
O "H O f-1 
Cd Q) "H Sý 
co qO 
o d-o 
O 
Cd 
H 
U 
C1ý 
4-3 
1 
G) 
a) 
EA 
N 
szi 
4-ý 
0 
0 
Cß 
H 
P4 
H 
Cd 
Q) 
0 
H 
w 
41 
rý 
0 
0 
x 
H 
2 W 
00 
LOA 
4 
N 
e 
a, 
ý-1 
Q) 
0 
914 
co 
0 
Cß 
Qý ý 
4 
cb H 
w 
O 
m 
O'. 
(5 
25 
0 
Cß 
0 
01, 
(1) 
-01 E-+ 
N 
w 
w 
4.2 
0 
raj 
O 
U 
H 
ýý 
L-c 
El 
M 
34 
Lc 3A 
ff O 
N tlý LC D-A Lcý 3-A 
Ld b-A 
18m. 
4) 
O 
Cd 
115-2. 
n) 
Cd 
U 
a) 
cd 
r-ý 
E-+ 
w 
c 
43 
APPENDIX H. Co nt 'd. 
OOO 
O 
NOOO 
OO T 
o0 
000 
f-rom. --ý 
FIGURE 5. The Garage Parking Manoeuvre. 
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APPENDIX I. Pearson Product Moment correlation coefficients 
between the derived factors (Facs) and the 
simplified factors (NFacs) from Factor Analyses 
A to F. 
A B 
Factor 
C 
Analysis 
D E F 
Fac/NFac 1 . 90 . 87 . 98 098 096 . 92 
Fac/NFac 2 088 . 86 86 .. 80 0.97 098 
Fac/NFac 3 84 . 84 . 84 085 . 95 . 96 
Fac/NFac 4 . 86 . 86 . 78 069 . 67 . 67 
Fac/NFac 5 , 76 .. 84 . 85 . 85 . 58 094 
Fac/NFac 6 . _94 0.74 . 
95 . 82 . 95 . 94 
Fac/NFac 7 . 90 089 . 90 080 . 93 . 91 
Fac/NFac 8 . 90 . 78 090 . 90 
Fac/NFac 9 a89 . 91 . 89 . 
88 
Fac/NFac 10 . 81 . 69 . 
89 086 
Fac/NFac 11 089 088 078 . 
88 
Fac/NFac 12 . 74 . 52 0.90 . 89 
Fac/NFac 13 . 84 . 90 . 
83 . 87 
Fac/NFac 14 . 83 . 88 . 
89 . 92 
Fac/NFac 15 . 92 . 
64 . 
83 . 92 
Fac/NFac 16 . 77 . 90 082 
Fac/NFac 17 . 85 . 75 
Fac/NFac 18 . 80 
Fac/NFac 19 . 87 
Values of r't. 20 are significant at the 5 .% 
level , values of 
r ?. 26 are significant at 
the 1% level 
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Table 3. Pearson Product Moment intercorrelations between 
the NFactors from Factor Analysis C. 
1C 2C 3C 4C 5C 6C 7C 
10 1.00 . 22 . 28 . 71 . 76 . 15 . 14 
2C - 1.00 . 44 . 47 . 13 -. 05 . 08 
3C --1.00 . 49 . 13 -. 02 -. 12 
4C --- 1.00 . 63 . 01 . 10 
5C --- - 1.00 . 10 . 09 
6C --- - - 1.00 . 13 
7C --- -- - - 1.00 
Values of r= . 20 are significant at the 5% level, values 
of r= . 26 are significant at the 1% leveto 
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Table 6. Pearson Product Moment inter pnrrP1 ati nnc 
the NFactors from Factor Analysis F. 
1F 2F 3F 4F 5F 6F 7F 
1F 1.00 . 06 . 25 . 76 -. 06 -. 05 -. 09 
2F - 1.00 . 38 . 22 . 00 -. 04 -. 15 
3F --1.00 . 19 -. 08 -. 16 -. 20 
4F --- 1.00 -. 03 -. 10 -. 02 
5F --- - 1.00 . 21 . 33 
6F --- - - 1.00 . 30 
7F --- - - - 1.00 
Values of r . 20 are significant at the 5% level, values 
of r . 26 are signifi cant at the 1% level, 
* These critical values of r were calculated from the 
following formula given by Hays (1973) p. 661: 
rxy N-2 
1-r xy 
where N= 100, and the degrees of freedom for the t ratio 
are N-2. The values of r calculated are those required 
for t to be significant at the 5% and 1% levels 
(two tailed 
test). 
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APPENDIX M. Means and standard deviations of the variables 
included in Factor Analyses A to F. 
Table 1. Means and standard deviations for each of the 
variables included in Factor Analysis A (items 
from Questionnaire B*). 
Item Mean 
Standard 
Deviation Item Mean 
Standard 
Deviation 
1 2.9 0.30 37 3.4 0.67 
2 4.0 1.00 38 3.0 0.68 
3 3.7 0099 39 3.1 0.51 
4 1.5 0073 40 3.1 0.70 
5 3.1 1.00 41 3.3 0.74 
6 2.9 1.06 42 2.8 0.68 
7 4.4 0.74 43 2.6 0.74 
8 2.9 1.05 44 2.7 0.87 
9 3.0 0.85 45 3.3 1.00 
10 305 o. 81 46 3.0 0.55 
11 3.2 0.95 47 2.7 0.79 
12 3.2 0.54 48 3.0 0053 
13 2.9 0.51 49 3.2 0.71 
14 3.0 0.49 50 3.1 0067 
15 2.7 Oo 82 51 2.6 0.71 
16 3.1 0.60 52 2.5 0.77 
17 2.9 0.60 53 206 0.79 
18 304 0054 54 2.5 0.88 
19 302 1.00 55 3.0 0.97 
20 3.0 0.72 56 1.9 0.73 
21 4.2 0.73 57 1.9 0.58 
22 3.1 0.61 58 2.2 0.65 
23 3.1 0.49 59 1.4 0.59 
24 2.8 0.68 60 304 0.64 
25 2.9 0.56 61 4.0 0.70 
26 3 01 0.88 
62 3.2 0.94 
27 2.8 0.79 63 2.5 0.70 
28 3.6 0.84 64 3.5 0.60 
29 2.8 0.73 65 4.2 0.66 
30 3.4 0.77 66 2.8 0.65 
31 4.0 0.73 67 3.5 0.87 
32 3.4 0050 68 3.3 0.71 
33 2.7 0.81 69 2.9 0.60 
34 304 0.87 . 70 
3.3 0.62 
35 3 01 0.84 
71 3.2 0.74 
36 3.2 0.94 
* Items on the questionnaire were numbered 
from 1 to 69 (see 
Appendix B). Item 57 was in three parts, however, providing 
a total of 71 variables 
for inclusion in Factor Analysis A. 
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Table 2. Means and Standard Deviations for each of the Road- 
run variables*included in Factor Analysis B (Road- 
run 1). 
*A list of these variables appears 
in Appendix Ko 
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APPENDIX M. Cont'd. 
Table 3" Means and Standard Deviations for each of the test- 
track variables*included in Factor Analysis C (Test- 
Track 1). 
Variable Mean 
Standard 
Deviation Variable Mean 
Standard 
Deviation 
1 134.4 34.8 19 115.5 28.0 
2 0.7 1.2 20 1.8 9.1 
3 43.0 10.6 21 39.6 8.8 
4 22.4 4.2 22 20.2 3.2 
5 127.0 34.0 23 30.6 17.9 
6 0.9 1.3 24 106.2 25.5 
7 46.4 11.4 25 0.7 1.2 
8 21.6 5.0 26 36.1 7.6 
9 28.7 20.2 27 18.5 3.0 
10 115.1 29.4 28 110.9 26.2 
11 0.8 1.2 29 0.9 1.2 
12 37.1 7.8 30 37.5 8.4 
13 19.6 3.5 31 19.3 3.3 
14 116.0 30.4 32 30.7 16.8 
15 0.9 1.2 33 102.8 22.8 
16 41.9 9.7 34 0.6 0.9 
17 20.3 4.3 35 34.0 6.7 
18 29.8 19.0 36 17.9 3.3 
.*A list of these variables 
appears in Appendix L. 
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Table 4. Means and standard deviations for each of the 
variables included in Factor Analysis D (items 
from Questionnaire C*), 
Item Mean 
Standard 
Deviation Item Mean 
Standard 
Deviation 
1 2.5 0.52 37 3.6 0.66 
2 3.1 0.92 38 3.6 0.60 
3 3.0 0.91 39 2.9 0.58 
4 3.1 0.49 40 3.4 0.61 
5 3.8 0.76 41 3.6 0.65 
6 2.5 0.82 42 2.7 0.60 
7 2.3 0.66 43 3.2 0.48 
8 3.2 0.82 44 2.8 0.83 
9 2.6 0.64 45 2.6 0.91 
10 205 0.76 46 2.9 0.43 
11 2.6 0.80 47 3.2 0.81 
12 209 0.40 48 2.8 0.60 
13 3.2 0.39 49 2.6 0064 
14 3.1 0041 50 3.3 0.54 
15 3.2 0.56 51 205 0.66 
16 2.9 0.44 52 2.5 0.70 
17 3.2 0.49 53 2.6 0.64 
18 2.8 0.41 54 2.5 0.77 
19 3.7 0.80 55 2: 6 0.87 
20 2.6 0.64 56 2.8 0.86 
21 2.3 o. 63 57 2.3 0.86 
22 3.1 0037 58 1.2 0.46 
23 3.0 0.35 59 1.1 0.33 
24 208 0.65 60 3.6 0.56 
25 2.9 0.49 61 3.4 0.69 
26 2.7 o. 80 62 307 0.78 
27 303 0.70 63 2.9 0.57 
28 3.4 0.70 64 2.9 0.40 
29 . 
2.6 0.73 65 2.2 0.61 
30 3.7 0.73 66 3.1 0.63 
31 2.4 0.68 67 3.6 
0.73 
32 2.9 0.31 68 3 0.54 
33 305 0.77 69 70 
3.0 
3 3 
0.50 
0.60 34 
35 
3.7 
2.6 
0.74 
0070 71 
. 3.2 0.71 
36 2.6 0.78 
* Items on the questionnaire were numbered 
from 1 to b9 (see 
Appendix B). Item 57 was in three parts, 
however, providing 
a total of 71 variables 
for inclusion in Factor Analysis D. 
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Table 5. Means and Standard Deviations for each of the road- 
run variables*included in Factor Analysis E (Road- 
run 2). 
*A list of these variables appears 
in Appendix K. 
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Table 6" Means and Standard Deviations for each of the test- 
track variables*included in Factor Analysis F (Test- 
track 2). 
Variable Mean 
Standard 
Deviation Variable Mean 
Standard 
Deviation 
1 108.1 20.1 19 103.4 18.9 
2 0.6 1.0 20 0.7 1.0 
3 31.1 7.4 21 34.5 7.2 
4 17.9 3.2 22 18.8 3.3 
5 107.7 20.3 23 32.5 16.7 
6 0.7 0.9 24 94.2 17.5 
7 36.9 9.0 25 0.5 0.7 
8 19.1 4.3 26 31.2 6.. 7 
9 29.9 17.2 27 17.2 2.7 
10 100.6 17.5 28 101.1 16.8 
11 0.4 0.7 29 1.1 1.4 
12 32.3 6.9 30 33.7 7.6 
13 18.4 3.0 31 18.4 3.3 
14 101.6 20.4 32 32.3 16.5 
15 0.7 1.0 33 93.7 15.9 
16 36.5 7.7 34 0.6 0.8 
17 19.2 3.5 35 30.1 5.9 
18 31.2 16.4 36 17.1 2.8 
*A list of these variables appears in Appendix 
L. 
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APPENDIX N. Means and standard deviations of groups' scores 
on the variables included in Discriminant Analyses 1 to 16. 
(Means and standard deviations for the variables included in 
Discriminant Analyses 4,8,12 and 16 are not given separate- 
ly since these analyses were performed on the combined vari- 
ables from the three analyses preceding them). 
Table I. Means and standard deviations of roups' scores on Z. D 
the variables included in Discriminant 
(NFacs 1A to 19A). Discriminant groups, 
females. 
Analysis 1 
males and 
Group 1 (Males) Group 2 (Females) 
Standard Standard 
Variable Mean Deviation Mean Deviation 
NFac IA 0.30 5.82 - 0.44 5.55 
NFac 2A 0.55 4.74 - 0.40 4.81 
NFac 3A 0.30 3.20 - 0.30 3.31 
NFac 4A - 0.43 2.92 0.30 3.31 
NFac 5A 0.32 3.08 - 0.58 3.00 
NFac 6A* 0.56 2.28 - 0.68 2.67 
NFac 7A* - 0.56 2.43 0.58 1.94 
NFac 8A - 0.15 1.49 0.25 1.94 
NFac 9A - 0.33 1.52 0.30 1.62 
NFac 10A - 0.16 1.67 0.00 1.52 
NFac 11A 0.03 1.48 - 0.03 1.72 
NFac 12A 0.00 1.84 - 0.09 1.66 
NFac 13A 0.16 1.68 - 0.19 1.85 
NFac 14A* 0.28 1.40 - 0.31 1.52 
NFac 15A - 0.04 1.40 
0.02 1.50 
NFac 16A 0.22 1.47 - 0.31 1.33 
NFac 17A 0.06 1.31 - 0.11 1.34 
NFac 18A 0.09 1.16 0.05 1.27 
NFac 19A - 0.21 0.91 
0.16 1.27 
* Indicates that the univariate F ratio for 
this variable 
was significant at the 5% level. 
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Table 2. Means and standard deviations of groups' scores on 
the variables included in Discriminant Analysis 2 
(NFacs lB to 16B). Discriminant groups, males and 
females. 
Variable 
Group 1 
Mean 
(Males) 
Standard 
Deviation 
Group 2 
Mean 
(Females) 
Standard 
Deviation 
NFac 1B - 1.11 10.96 1.15 12.43 
NFac 2B - 0.31 2.10 0.27 1.94 
NFac 3B* - 0.48 1.21 0.58 1.90 
NFac 4B* - 0.40 1.65 0.42 1.75 
NFac 5B - 0.16 1007 0.09 1.74 
NFac 6B - 0.45 1.66 - 0.02 1.50 
NFac 7B - 0.02 1.76 0.17 1.44 
NFac 8B 0.02 1.53 - 0.24 1.33 
NFac 9B - 0.09 1.26 0.07 1.19 
NFac 10B 0.19 1.68 - 0.01 1.25 
NFac 11B - 0.02 1.28 0.24 1.35 
NFac 12B - 0.04 1.59 0.09 1.68 
NFac 13B * - 0.34 1.39 0.34 1.26 
NFac 14B 0.08 1.32 - 0.17 1.48 
NFac 15B - 0.16 1.31 0.04 1.10 
NFac 16B 0.28 1.38 - 0.21 1.07 
* Indicates that the univariate F ratio for this variable 
was significant at the 5% level. 
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Table 3. Means and standard deviations of groups' scores 
on the variables included in Discriminant Analysis 
3 (NFacs 1C to 7C). Discriminant groups, males and 
females. 
Variable.. 
Group 1 
Mean 
(Males) 
Standard 
Deviation 
Group 2 
Mean 
(Females) 
Standard 
Deviation 
NFac 1C 0.04 5.00 - 0.01 6.01 
NFac 2C* 1.91 3.06 4.61 5.00 
NFac 3C - 0.02 2.92 0.02 3.57 
NFac 4C - 0.06 1.38 0.05 1.41 
NFac 5C 0.06 1.15 - 0.05 1.31 
NFac 6C* - 0.20 0.76 0.20 1.07 
NFac 7C* - 0.3ý 0.49 0.33 1.11 
* Indicates that the univariate F ratio for this variable 
was significant at the 5% level. 
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Table 4. Means and standard deviations of groups' scores on 
the variables included in Discriminant 
(NFacs 1D to 17D). Discriminant groups, 
females. 
Analysis 5 
males and 
Group 1 (Males) Group 2 (Females) 
Standard Standard 
Variable Mean Deviation Mean Deviatien, 
NFac 1D - 0.42 5.03 0.26 5.10 
NFac 2D 0.36 4.70 - 0.16 5.34 
NFac 3D - 0.10 3.29 - 0.02 j. 11 
NFac 4D - 0.06 2.79 - 0.10 2.96 
NFac 5D - 0.19 2.58 0.06 2.91 
NFac 6D - 0.16 2.27 - 0.25 2.55 
NFac 7D - 0.20 2.00 0.05 2.10 
NFac 8D 0.04 1.67 - 0.22 2.23 
NFac 9D* - 0.52 1.14 0.35 1.89 
NFac 10D - 0.19 1.98 0.02 2.07 
NFac 11D - 0.14 1.55 - 0.00 1.50 
NFac 12D 0.11 2.48 - 0.07 2.75 
NFac 13D 0.01 1.53 0.02 1.19 
NFac 14D 0.05 1.28 0.06 1.78 
NFac 15D - 0.06 1.80 
0.06 1.81 
NFac 16D - 0.06 1.26 - 
0.15 1.36 
NFac 17D 0.07 1.56 0.02 1.67 
* Indicates that the univariate F ratio 
for this variable 
was significant at the 
5% level. 
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Table 5. Means and standard deviations of groups' scores on 
the variables included in Discriminant Analysis 6 
(NFacs lE to 15E). Discriminant groups, males and 
females. 
Variable 
Group 1 
Mean 
(Males) 
Standard 
Deviation 
Group 2 
Mean 
(Females) 
Standard 
Deviation 
NFac 1E - 1.01 11.09 1.04 12.42 
NFac 2E* - 0.70 2.13 0.67 2.40 
NFac 3E 0.21 1.78 - 0.20 1.19 
NFac 4E* - 0.32 1.31 0.35 2.01 
NFac 5E 0.01 1.44 0.07 1.47 
NFac 6E 0.06 1.67 - 0.10 1.57 
NFac 7E - 0.04. 1.27 - 0.13 1.29 
NFac 8E - 0.19 1.29 0.34 1. ö3 
NFac 9E* - 0.36 1.18 0.18 1.52 
NFac 10E - 0.01 1.68 0.03 1.19 
NFac 11E - 0.04 1.19 0.20 1.30 
NFac 12E - 0.22 1.39 - 0.08 1.41 
NFac 13E - 0.01 1.27 0.10 1.48 
NFac 14E 0.15 1.64 0.06 1.24 
NFac 15E - 0.18 1.19 - 0.07 1.37 
* Indicates that the univariate F ratio for this variable 
was significant at the 5% level. 
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Table 6. Means and standard deviations of groups' scores on 
the variables included in Discriminant Analysis 7 
(NFacs 1F to 7F) . Discriminant groups, males and 
females. 
Variable 
Group 1 
Mean 
(Males) 
Standard 
Deviation 
Group 2 
Mean 
(Females) 
Standard 
Deviation 
NFac 1F 1.04 7.77 - 1.09 8000 
NFac 2F* - 2033 5047 2.33 7.01 
NFac 3F 0.08 3.07 - 0.08 3.91 
NFac 4F 0.21 1.48 - 0.23 1.94 
NFac 5F* - 0.32 Oe65 0.32 1.07 
NFac 6F* - 0.20 0070 0.20 1.10 
NFac 7F -o o8 0.78 O., 08 1.02 
* Indicates that the univariate F ratio for this variable 
was significant at the 5% level. 
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